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PENETRATION DURING SULPHITE COOKING! 
By H. SaunpErson?, H. W. JoHNsToN® AND O. Maass* 


Abstract 


This paper deals with some of the factors which influence the penetration of 
sulphite liquor into wood during the cooking process. The experimental 
technique for this purpose is described. The particular factors investigated 
in this paper are the influence of the calcium sulphite precipitate and the com- 
position of the liquor on penetration. 

Certain conclusions may be drawn from the experimental results presented. 
These are summarized as follows: 

(1) The rate of penetration of sulphite liquor through a block of spruce wood 
is constant for a Fred low temperature. At a constant high temperature the 
rate of penetration increases continuously during the duration of a run, due to 
the opening up of the wood. This ‘‘cooking’’ action becomes evident at about 
90° C. for heartwood, and below 70° C. for sapwood. 

(2) The rate of penetration of sulphite liquor is greater for a higher con- 
centration of free sulphur dioxide. is increase in rate with sulphur dioxide 
concentration becomes more noticeable at higher temperatures, indicating that 
at least a part of the effect is due to cooking action. 

(3) The formation of a precipitate of calcium sulphite on the wood at high 
temperatures decreases the rate of forced penetration. This effect is more 
noticeable with porous wood, where the pressure differential is small. The 
plugging action is largely a surface effect, due to the formation of a layer of 
precipitate over the ends of the tracheids of the wood. 


Introduction 


The industrial importance of the sulphite process for manufacturing wood 
pulp has led to a detailed study of the various stages in the process. The 
greatest emphasis has been laid on the chemical reactions between the con- 
stituents of the wood and the solution of reagents—known technically as the 
cooking liquor—but recently an increasing amount of attention has been 
given to the penetration of the liquor into the wood, which obviously must 
precede any cooking action. The importance of a satisfactory preliminary 
penetration has been emphasized. by Miller and Swanson (7, 8), Hiigglund 
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(4), Edwardes (2), and others, but little work has been done to study the way 
in which the sulphite liquor enters the wood, and the factors which influence 
this penetration. , 


Penetration is of two kinds, one caused by a difference in hydrostatic 
pressure on two sides of a piece of wood, resulting in a mass movement of 
liquid through the wood, which might be called forced penetration; and the 
other by a difference in the osmotic pressure of the liquor in two parts of a 
block of wood, resulting in a diffusion of ions or molecules gradually into the 
wood. This might be called natural penetration. The study of forced pene- 
tration would give information about the structure of the wood and its 
permeability to liquid flow under a differential hydrostatic pressure, while 
the study of natural penetration would give information about surface effects, 
and ionic and molecular diffusion. Forced penetration only will be discussed 
in this paper, the study of natural penetration and the practical implications 
of the work being dealt with later. 


Johnston and Maass (5) studied the rate of penetration of liquids into jack 
pine using a measured pressure differential, varying the temperature, pressure, 
type of section, and concentration and nature of liquid. They found in general 
that the rate of flow varied almost directly with the differential pressure 
applied, and that it was much greater at higher temperatures. Tangential 
and radial sections showed very small penetrability in comparison with 
transverse sections. 


Stamm (10, 11) has made a careful survey of the capillary structure of soft- 
woods, using a number of different methods of investigation; electrical con- 
ductivity, liquid flow under differential pressure, and surface tension. From 
his work, he concluded that the flow of liquid in wood was through the 
tracheids and bordered pits, the size of the apertures in the latter being the 
limiting factor in the rate of flow. The mean capillary radius of the apertures 
in slash pine heartwood approximated 8 X 10-* cm. and in sapwood 10 x 10 
cm. 

An investigation by J. W. Sutherland and O. Maass (12) concurrent with 
that reported in this paper, on the forced penetration of water and various 
solutions into spruce, rendered it unnecessary to study. more than those 
factors in which the sulphite liquor might have an effect different from that 
of water. These were chiefly the cooking action of the solutions, the effect 
of varying concentrations, and the effect of the precipitation of a lime salt 
on or in the wood. The influence of temperature, and of pressure differential, 
and the difference between heartwood and sapwood were found to be the same 
with sulphite liquor as Sutherland and Maass found using water, so the study 
of these factors was very brief. 


Apparatus 


The problem in the construction of the apparatus was to devise a means 
of forcing liquid through disks of wood, maintaining known different pressures 
on the two sides of the disk, and such that the liquid above and below the 
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disk could be removed separately for analysis. It was necessary to make all 
the parts in contact with the liquid of material which would not be attacked 
chemically, and they had to be capable of standing a pressure of ten atmo- 
spheres. 

The diagram of the apparatus constructed (Fig. 1) shows the connection 
of the various parts, and reference will be made only to those sections where 
the purpose or construction is 
not clear from the diagram. 

The connections for the various 
parts were chiefly of }4-in. 
copper tubing, which combined ‘ 
mechanical strength, small 
volume of contents, flexibility, 
and chemical inertness. Valves 
marked on the diagram at (5) 
were regular brass water-gauge 2 
valves. The other valves shown 


in the diagram were also of °F!" F 

brass, Crane }-in. needle valves |e) 

being used chiefly. It was 

found necessary to repack all a 
25 26 


the valve stem glands with 

asbestos and graphite to pre- 

vent slow leakage. Tees and 

crosses used to connect the 

different copper tubes were 

made of brass, the tubing being 

fastened to them by compres- 

sion fittings. It was found by 

experience that a }-in. tube 

fastened by a compression 

fitting did not leak if it were Fic. 1. Connections of penetration apparatus. 
attached carefully, but in the 

few cases where }-in. copper tubing was used for a connection, it was neces- 
sary to solder it into its fitting to make it tight. 

The apparatus may be described most clearly by considering it as four main 
parts: (a) the clamp for holding the wood during a run; (0) the front-pressure 
system, which contains and controls the liquid to be forced through the wood; 
(c) the back-pressure system, which contains and controls the liquid which 
has been forced through the wood; and (d) the constant temperature bath. 


(a) The Clamp 

The centre of the apparatus was the clamp to hold the wood disk during 
arun. The location of the clamp is shown on Fig. 1 as (8) and the form of 
the clamp used shown in detail as Fig. 2. All the machined parts in contact 
with the solution were of Allegheny metal. The connection to the rest of the 
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apparatus was of }-in. copper tubing ‘‘sweated” into a tight fit with a high 
melting solder. In this clamp, the wood disk was surrounded by a ring having 
on its upper end a flange inward which was sharply undercut. The wood, 
cut to the size of the ring by a circular cut- 
ting knife, was forced into the ring from below 
until the cutting edge of the flange had made 
a tight seal, so that no liquid could flow 
around the wood inside the ring. This was 
found to be very satisfactory, as it was 
possible to cook wood almost to a pulp 
before the outer edge of the wood came away 
from the ring. As the clamp had to be dis- 
mantled after each run, it was necessary to 
have some rapid means of disconnecting it 
from the rest of the apparatus. This was 
provided by “cutting” a compression coup- 
ling into each of the four tubes leading from 
the clamp. By unscrewing the four coup- 
lings, the clamp could he detached, and it 
could be re-attached just as quickly by 
screwing the couplings up again. 





7 
oa 
NS 


(b) The Front-pressure System 





KAllegheny [fz]Rubber //]lvon The liquid used for penetration was intro- 
[A Wooa [sciaer duced into the apparatus through a glass 


funnel (1), flowing by gravity through }3-in. 

Fic. 2. The clamp for holding wood. brass pipe past a valve (2) into the cylindri- 
cal brass reservoir (4) and the water gauge 

tube (6). The reservoir was of 2-in. brass tubing, 24 in. long, closed at both 
ends by brass caps. These caps were tapped to receive 4-in. close nipples 
which connected to 1}-in. brass tees, the side arm of each tee acting as socket 
for 1}-in. brass water gauge valve (5). The upper tee was connected by a 
bushing to 1}-in. brass tubing leading to the nitrogen cylinder. The lower tee 
led by the brass tubing to the glass funnel (1) as indicated, and also to an 
outlet valve (3). All the joints in this part of the apparatus were soldered. 


The water gauge tube was of heavy-walled 14-in. glass tubing selected for 
its uniformity of bore. It was fastened into the valves by rubber washers 
and a litharge and glycerine packing. By means of the water-gauge valves 
(5) the liquid in the glass tube could be separated from that in the reservoir, 
and the flow of liquid through the wood disk during a run was measured by its 
fall in level in the tube. The tube was calibrated in terms of volume to length. 


The pressure on the liquid was provided by a cylinder of nitrogen gas 
connected through a reducing valve to the apparatus. The pressure was 
registered on a mercury manometer (23) of simple construction. This was 
planned so that pressures up to seven atmospheres could be read with an 
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error of not more than 1%. The connection of the manometer to the copper 
tubing of the apparatus was made originally by a litharge and glycerine 
packing, but this was found to leak, and a more satisfactory union was made 
by roughening the surface of the copper tubing with a file, then slipping it 
into the glass tube of the manometer, and packing the joint with medium 
DeKhotinsky cement. If the cement were heated and moulded carefully, it 
made a very durable seal. 


The liquid from the gauge tube flowed through valve (7) into the clamp, 
to the front, or high pressure side of the disk, the air in the connections being 
let out by valve (25). Valve (10) was an outlet for sampling the liquor in 
the cylinder. Whenever it was desired to blow out or wash out the liquid 
from the front side of the wood, this was accomplished by opening valves 
(11) and (25), then forcing through either nitrogen or water by using valves 
(12) or (13) respectively. 


(c) The Back-pressure System 


The connections to the back, or low, pressure side of the wood were very 
similar. One was a very short outlet tube which passed through a cold water 
bath to an outlet valve (26). The inlet tube connected the back side of the 
disk with the supply of penetrating liquor, by valve (9), or with a supply of 
nitrogen or water, by valves (17) and (18), and it also connected by valve 
(15) with the back pressure manometer (22) and volume equalizer (21). The 
manometer was similar to that previously described. The volume equalizer 
was an Alemite grease gun filled with water. Its purpose may be explained 
very simply. The entire system on the low pressure side of the wood was 
kept filled -with liquid during a run. In order to change the manometer 
reading, more or less liquid was required in the system; this could be effected 
by changing the position of the plunger in the grease gun. A small valve 
connected to the bottom of the gun was found to be necessary to prevent slow 
leakage of liquid past the plunger. 


The flow indicator (20) was of 6 mm. pyrex tubing, with bulbs blown on 
near the top of each arm. These were to prevent the mercury which was 
in the bottom of the tube from being blown out of the tube by a sudden flow 
of liquid. When the back-pressure system was filled and the pressure adjusted, 
the level of mercury in each arm was the same. If additional liquid were 
forced into this system through the wood, it caused the mercury levels to 
change. When the relief valve (26) was opened slightly, the extra liquid 
escaped and the mercury in the two tubes came to the same level again. 
In this way, the volume of liquid.and the pressure back of the wood could 
be maintained at a constant value during a run, the penetrating liquid being 
removed as it came through. This flow indicator was connected to the copper 
tubing by DeKhotinsky seals as described above. 


(d) The Constant Temperature Bath 


The clamp was maintained at a constant temperature during a run by a 
thermostatically controlled bath. This bath was a 14-qt. pail of glycoline. 
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heated by two 800 watt 110 volt ‘‘Calrod”’ elements, bent to fit the bath. 
The wiring was arranged to permit power of 100, 200, 400, 800 or 1600 watts 
being used for heating. Regulation of a part of the current was provided by 
a DeKhotinsky thermoregulator, connected to an electrolytic condenser. 
The regulator actuated a small relay which controlled the heating current. 
Stirring was provided by a ¢ h.p. motor driving a propellor blade type stirrer. 


Preparation of Materials 


The wood used in the experiments recorded in the following pages was 
white spruce, obtained through the courtesy of the Forest Products Labora- 
tories of Canada. They provided wood of the following types: (a) heart- 
wood of dense structure, thoroughly air dried; (6) heartwood of medium 
structure, thoroughly air dried; (c) heartwood of porous structure, thoroughly 
air dried; (d) heartwood .of medium structure, freshly cut; (e) sapwood, 
thoroughly air dried; (f) sapwood, freshly cut. The freshly cut wood was 
covered with a layer of hot paraffin wax at both ends as soon as it was received, 
and after any wood was removed for experiments, the remainder was pro- 
tected in the same way. 


In preparing for a forced penetration run, a disk of wood about 1§ in. in 
diameter and j in. thick was sandpapered to the exact thickness desired, 
2cm. This left the surface smooth. The wood was then placed in a small 
vacuum bottle and the air sucked out for about ten-minutes, then distilled 
water was allowed to rush in surrounding the wood, and the wood was 
allowed to soak for about a day. Sutherland and Maass (12) found that 
this preliminary soaking hastened the attainment of equilibrium in the rate 
of penetration. This was probably due to hydration of the wood. It also 
allowed the wood to swell freely, so that there would not be the distortion 
which might occur if the wood swelled in the clamp. 


The sulphite liquor was prepared from a good technical grade of lime 
(testing 99% CaO) and sulphur dioxide supplied by the Matheson Co. This 
gas was washed with a solution of barium chloride in hydrochloric acid, then 
with distilled water before it was forced into the lime suspension. In accord- 
ance with the usual practice in pulp research, the concentration of lime in 
the solutions discussed in this paper has been expressed as “combined sulphur 
dioxide”, this being the stoichiometric amount necessary to form calcium 
sulphite with the lime used. The methods of testing were selected after a 
brief preliminary survey. The original Winkler method, using iodine and 
sodium hydroxide, was found to be most satisfactory, and was used through- 
out the research. The objections to it which Klason (6) raised are not valid 
for the early stages of acook. The Sander (9) method, using mercuric chloride 
solution, was found to give the same results as the Winkler method. The 
difficulty of getting a well-defined end-point using brom-phenol blue at night 
was the chief objection to it. The iodate method recommended by Birchard 
(1) was found to be unsatisfactory. 
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Procedure 


The soaked wood was cut to fit the ring of the clamp, and forced into it 
until it was tight. The clamp was then assembled, and the bolts tightened 
firmly, after which the whole clamp was attached to the rest of the penetra- 
tion apparatus by the four compression couplings. A litre of the solution to 
be used for penetration was poured into the reservoir of the apparatus, and 
valve (2) closed. With valve (24) closed, and valves (7) and (25) open, a 
small pressure of nitrogen was applied to the system, until solution came out 
of the outlet at valve (25), indicating that the system at the front side of the 
disk was filled with liquid. Valve (25) was then closed. By opening valve 
(9) the air at the back of the disk was flushed out at (26), after which valve 
(9) was again closed. 


The clamp and connections on both sides of the wood were then full of liquid, 
and the apparatus was ready for use in measuring the rate of penetration 
under differential pressure. It was found by Sutherland (12), however, that 
after water started to flow through wood, there was a considerable time 
interval before the velocity of flow came to an equilibrium value. In practic- 
ally all the runs reported in this paper, this delay was overcome by starting 
the run at night, leaving penetration to proceed slowly until morning. 


After the wood was treated overnight in this way, the actual run was 
started. The front pressure was adjusted by regulating the reducing valve 
on the nitrogen cylinder, the back pressure was built up to the desired point 
by forcing the Alemite gun plunger along its cylinder, and the temperature 
set by adjusting the thermoregulator in the glycoline bath. The lower water- 
gauge valve (5) was then shut so that there would be no liquid communication 
between the reservoir and the gauge tube, but the nitrogen pressure would 
apply equally to both. Under the differential pressure, the solution was 
forced through the wood, and by “‘cracking’’ valve (26) from time to time, 
the back pressure could be maintained at the desired value. At definite time 
intervals, usually of 10 or 15 min., the level of liquid in the gauge tube was 
noted, from which could be calculated the rate of penetration. After it was 
evident that the rate was constant, the pressure or the temperature would 
be changed, and readings again taken until a constant value was obtained. 


In some of the runs, analysis was made of the solution which had passed 
through the wood by collecting a small sample at the outlet tube of valve (26), 
and titrating a portion of it. In taking such a sample, care was required to 
ensure that the liquid was thoroughly cooled by passing through a water bath 
before it came out; otherwise a considerable part of the free sulphur dioxide 


escaped. 


After the run was complete, the liquor was allowed to drain or was blown 
out of the apparatus, and water forced through to wash out all the tubing 
of the apparatus. If the wood was required for chemical analysis, distilled 
water was forced through it until the sulphite liquor was washed out. The 
clamp was then dismantled. 





RATE OF PENETRATION IN CCUMIN. 


Fic. 3. Minimum temperature of cooking action as indicated 
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Experimental Results 
The Cooking Action of the Solution 


In some preliminary experiments, it was observed that the rate of penetra- 
tion increased continuously during runs at a high constant temperature, 
indicating a progressive opening up of the wood, or cooking action. Table I 
presents results of three runs made on heartwood, of medium penetrability, 
to find the minimum temperature at which this cooking action could be 
observed. 


TABLE I 
RESULTS OF THREE RUNS WITH HEARTWOOD OF MEDIUM PENETRABILITY 










Run No. 7 Run No. 8 








Rate, Time, Rate, Rate, Temp., 

min. | cc./min. i cc./min. 
15 0.096 65 15 0.060 0.078 90 
30 0.096 65 31 0.066 0.090 90 
45 0.098 65 81 0.067 0.095 90 
60 0.135 85 120 0.054 0.102 90 
75 0.150 85 176 0.090 0.103 90 
90 0.156 85 191 0.120 0.156 130 
100 0.152 85 241 0.230 0.230 130 
245 0.147 85 251 0.254 0.404 130 
275 0.147 85 303 0.404 0.434 130 
313 0.434 0.720 130 

383 0.518 0.810 130 

393 0.524 1.080 130 

NotTe:— 


Run No.6. Conc. of sol’n:—SO,: total, 3.49; free, 1.90; combined, 1.59%. Press.:—front, 
7 atm.; back, 5 atm 


Run No.7. Conc. of sol'n:—SO;: total, 2.90; free, 1.80; combined, 1.10%. Press.:—front, 
7 atm.; back, 6.5 atm. 

Run No.8. Conc. of sol’n:—SO:: total, 3.04; free, 1.99; combined, 1.05%. Press.:—front, 
7 atm.; back, 6 atm. 


The data from these runs are 
plotted in Fig. 3. In run No. 6, 
there was no indication of ap- 
preciable cooking action at tem- 
peratures up to 85° C., but at 
90° C., especially in run No. 8, 
there seemed to be a slow gradual 
increase. At 130° C., there was 
a rapid opening up of the wood. 
It is interesting to note that in 
run No. 8, where the pressure 
we differential was twice that in No. 
7, the rate of penetration is also 
by rate of penetration. practically double. 
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The Effect of Sulphur Dioxide Concentration 

Four disks of wood from - 
the same cylinder were 
tested for the effect of 


sulphur dioxide concentra- : 
tion by measuring the rate v. 
of penetration under 3; 
similar conditions except e 
for the variation in con- E 
centration of the liquor. §& 
In three of the runs the §°” 
concentration of combined E 


sulphur dioxide was con- 
stant at 1.5%, that of total 
sulphur dioxide being 6.50, 
5.06 and 3.55%. Distilled = ~ «oneness 
water was used for the Fic. 4. at of be ee ee _ 
fourth disk. The results of 3 55% 50s: No 1 ——— 
the four runs are summari- 


zed in Table II, and are plotted in Fig. 4. 





tas° 


TABLE II 


EFFECT OF SULPHUR DIOXIDE CONCENTRATION 


6.50% SO, 5.06% SOz 3.55% SOs Water 
Temp., °C 
Rate of penetration, cc./min. 
25 0.093 0.082 0.092 0.070 
50 0.181 0.132* 0.153 0.157 
75 0.297 0.268 0.265 0.262 
100 0.495 0.442 0.405 0.415 
125 0.830 0.770 0.690 0.635 
*Doubtful. 


The rate of penetration was greater for a larger percentage of sulphur 
dioxide, the difference being more noticeable at higher temperatures. Where 
water was used as the penetrating fluid, there was little difference from the 
run using 3.5% sulphur dioxide except at 125°C. This increased differential 
at 125° C. should doubtless be explained as a cooking action. 


The Effect of the Formation of a Precipitate 

The influence of the precipitation of a lime salt on the rate of penetration 
of sulphite liquor was also studied. Considerable attention was given to this 
part of the subject as its industrial importance can hardly be over-empha- 
sized. It is well known that when some solutions of calcium bisulphite are 
heated, a precipitate of a lime salt forms, and the following experiments 
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were done to find out what plugging effect this precipitate might have. A 
preliminary run (No. 13) was made using a high percentage of lime in the 
liquor. The results are shown in Table ITI. 
TABLE III 
EFFECT OF A HIGH PERCENTAGE OF LIME IN THE LIQUOR (RUN No. 13) 


75 
0.150 


85 
0.183 


95 
0.223 


105 
0.286 


Temp., °C. 
Rate, cc./min. 








115 115s 
0.313 (at start) | 0.210 (after 1 hr.) 














NoteE:—Wood: air-dry heartwood, medium penetrability. Conc. of sol'n:—SO:: total, 3.12; 
free, 1.71; combined, 1.41%. Pressure:—front, 7 aim.; back, 5 atm. 


At a temperature of 115° C., there was evidently a plugging effect due to 
the formation of a precipitate. When the clamp was opened at the end of 
the run, there was a dense layer of precipitate all over the surface of the wood. 
The precipitate was a mat of small crystals, which liberated sulphur dioxide 
with acid. A test sample of the liquor had shown a precipitate at approxi- 
mately 90° C., but there was no evidence in the penetration run of the for- 
mation of a precipitate until above 105°C. During the other runs, this same 
phenomenon occurred frequently—no evidence of a precipitate under con- 
ditions which should cause its formation. Once the precipitate had formed, 
a heavy deposit of it occurred. This is in agreement with the results of 
Gurd (3), who has found that in an SO,-H,O-CaO system, the solution may 
exhibit metastability over a temperature range as great as 25°C. before a 
precipitate of a calcium salt forms. : 

When it was established that the precipitate exercised a plugging action, two 
lines of investigation were followed. In one, the effect of the porosity of the 
wood was studied, and in the other, the location in the wood of the plugging 
agent. Samples of wood of three degrees of porosity were selected and given 
the usual preliminary treatment. The rate of penetration at a temperature 
slightly below the precipitation point of the solution was then measured over 
a period of one to two hours, at the end of which time the temperature was 
raised quickly to a point above the precipitation temperature and readings 
were taken again for several hours. In these runs (Nos. 14, 15 and 18) the 
solution contained 3.60% total SO, of which 1.98% was free SO:, the approxi- 
mate precipitation point being 80° C. A summary of the runs is given in 
Table IV. 


In each of these runs a layer of calcium sulphite was found over the surface 
of the wood at the end of the run, proving that the precipitate had formed. 
Where the wood was very dense, the precipitate apparently had little effect 
on the rate of penetration, as the change observed was about that expected 
from the change in temperature. The wood of medium porosity was ap- 
parently slightly plugged, and the continuous decrease in rate at the higher 
temperature suggested an increasing plugging action. With the very porous 
wood, the decreased rate of penetration at the higher temperature could be 
ascribed only to a pronounced plugging effect. It is suggested that the open- 
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TABLE IV 


EFFECT OF THE POROSITY OF THE WOOD 


Run No. 14 Run No. 15 


Temp., Rate, Time, Rate, Time, 
wey cc./min. min. ; cc./min. i 


0.018 30 0.049 
0.022 60 0.055 
0.021 90 0.057 
0.023 or 0.052 


0.041 0.080 
0.039 0.082 
0.078 
0.076 
0.066 
0.067 


NoTE:— 
Run No. 14. Wood: air-dry heartwood, low penetrability. Pressure:—front, 7 atm.; back, 


5 atm. 
Run No. a Wood: air-dry heartwood, medium penetrability. Pressure:—froni, 7 atm.; 
, > atm. 
Run No. 18. Wood: air-dry heartwood, very porous. Pressure:—front,7 atm.; back, 6.75 atm. 


ings of the bordered pits in the dense wood were so small that they remained 
the limiting factor in the rate of flow, even with the precipitate present, but 
with the more porous wood, the openings of the bordered pits were sufficiently 
large that the particles of precipitate did effect the rate of flow. 


If the plugging action is more pronounced with more porous wood, there 
should be a much more noticeable effect with sapwood, and two runs (Nos. 
20 and 21) were made to check this hypothesis. The open structure of sap- 
wood makes it impossible to use a large pressure differential. In these runs, 
the differential was the hydrostatic head of the solution between the level in 
the gauge tube (Fig. 1, 6) and the outlet valve (Fig. 1, 26). As the liquid 
flowed through the wood, this head decreased and the rate showed a cor- 
responding diminution. As a measure of the porosity of the wood, the ratio 
of rate of flow/hydrostatic head was used. 

In the first run, the porosity of the wood was determined at room temper- 
ature (18° C.), then the wood and solution were heated to 70° C. for 30 min., 
and the porosity again determined as soon as the wood could be returned to 
room temperature. This showed the effect of cooking without the solution 
being allowed to precipitate. The second run differed from the first in that 
the wood and solution were heated to 100° C. for ten minutes between the 
two periods when the porosity was being determined. This temperature was 
sufficiently high to cause the precipitation of the lime salt. 

In run No. 20 the heating to 70° C. for 30 min. was selected in an attempt 
to cause about the same cooking action as the heating to 100° C. for 10 min. 
in run No. 21. In this way, some allowance could be made for the cooking 
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TABLE V effect necessarily occurring 

RESULTS OBTAINED WITH SAPWOOD at the precipitation tempera- 

ture. From the results ob- 

tained in former runs, it was 

likely that the cooking effect 

Run No. 20 Run No. 21 at 100° C. would be greater 

ss than at the lower tempera- 

oo ture, even for the longer time. 

0.0576 In run No. 20, due to the 

effect of cooking, the ratio of 

rate/hydrostatic pressure was 

aaakaoaae Lanamateeaeres very nearly double, but in 

for 30 min., for 10min, | ‘un No. 21, with as great 

then cooled to then cooled to cooking effect, the ratio 

——— vee dropped to little more than 

0.0794 0.0247 one-third its former value. If 

Sa rp we assume that the cooking 

would open both blocks of 

wood to the same extent, the 

ratio should have doubled in run No. 21, whereas it actually-dropped to one- 

third. This decrease confirmed the evidence of the other runs that in wood of 

open.texture, where a large pressure differential was not required, the precipi- 
tation of a calcium salt did cause a decrease in the rate of flow of liquid. 


Vol. in cc. /min. 
Hydrostatic head 


In many of the runs where plugging was observed, it was noted at the end 
of the run that a layer of calcium sulphite was covering the wood surface. 
The next three runs were made to find out whether the plugging action was 
at the surface, or through the whole of the wood. In order that there would 
not be any effect due to particles of precipitate settling on the upper surface 
of the wood due to gravity, the clamp was reversed so that the inflow of 
sulphite liquor was from below. Any precipitate which might form in the 
liquor before it reached the wood would thus settle away from the wood. 
To prevent precipitation in the feed tube where it passed through the hot 
oil, the feed tube was covered with a small lead pipe through which cold 
water was kept running. In this way, the sulphite liquor was brought to 
the clamp at full strength, without any loss by precipitation. 


In these runs, the rate was measured at definite temperatures before pre- 
cipitation occurred, then the temperature was raised above the precipitation 
point and the decrease in rate noted. The clamp was then dismantled. 
Both upper and lower surfaces of the wood were scraped free of deposit, and 
a little dilute hydrochloric acid passed quickly over the surface and washed 
off, the acid being in contact with the wood about 15 sec. In this way it 
was hoped to remove all surface plugging but leave any sulphite precipitate 
in the wood. The clamp was then reassembled, and the rate of penetration 
determined at the same temperature as before. 
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TABLE VI 


RESULTS OF EXPERIMENTS WITH CLAMP REVERSED; INFLOW OF SULPHITE LIQUOR FROM BELOW 











Run No. 22 Run No. 23 Run No. 24 
Temp., Rate, Time, Temp., Rate, Time, Temp., Rate, 

Ss cc./min. min. "¢ cc./min. min. ’ cc./min. 
30 0.025 20 60 0.078 20 85 0.975 
50 0.042 40 60 0.069 35 85 0.877 
70 0.077 60 60 0.069 51 85 0.870 

90 0.125 0 100 “+ 0 110 o- 
110 0.106 10 100 0.186 5 110 0.810 
20 100 0.180 10 110 0.510 
65 100 0.164 25 110 0.210 
75 100 0.164 40 110 0.120 
175 100 0.110 55 110 0.090 

275 100 0. 104 


The clamp was then dismantled, the surfaces of the wood cleaned, the clamp reassembled 
and filled, and the penetration continued. 


30 0.075 10 60 0.290 10 85 1.530 

50 0.117 20 60 0.262 20 85 1.058 
35 60 0.235 30 85 0.690 
55 60 0.174 40 85 0.450 
120 60 0.102 
420 60 0.075 

NoTE:— 
Run No. 22. Wood:—heartwood, medium penetrability. Approx. precipitation point of 


solution in test, 90°'C. 
Run No. 23. Wood:—heartwood, medium penetrability. Approx. precipitation point of 
solution in test, 70° C. 


Run No. 24. Wood:—heartwood, very porous. Approx. precipitation point of solution, 85° C. 


In all three runs, after the precipitate had been removed, the rate of flow 
was much greater than it had been at the same temperature before precipita- 
tion occurred (Table VI). This could be explained only as a cooking action. 
The decreased rate of flow observed due to the plugging action of the 
precipitate does not remain when the surfaces are cleaned, establishing 
definitely that the most of the plugging action is at the surface layers. 


In runs Nos. 23 and 24, the gradual decrease in rate after the wood had 
been scraped was due to the formation of a new layer of precipitate which 
formed on the wood. Evidently the temperature at which the precipitate 
formed in the test sample was higher than the true precipitation temperature, 
and after a few crystals were present to act as a start, the precipitate formed 
at a lower temperature. This was an example of the tendency to supersatura- 
tion, previously mentioned. 
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A LABORATORY COMPARISON OF THE DETERGENT 
EFFICIENCIES OF LAUNDRY SOAP BUILDERS' 


By O. M. Morcan? 


Abstract 
The detergent efficiencies of four common laundry soap builders have been 
measured and compared on a laboratory scale. heir order of decreasing 


efficiency when both concentration and actual washing efficiency are considered 
is caustic soda, soda ash, sodium metasilicate and trisodium phosphate. When 
actual washing efficiency alone is considered the order is sodium metasilicate, 
caustic soda, trisodium phosphate, and soda ash. In all experiments the soap 
concentration was 0.1%. 


- values of the built soaps are given over a wide range of concentration. 
All soap builders do not exert their optimum detergent effect at the same pH 
value. 


Two of the alkalies, namely caustic soda and sodium metasilicate, increased 
the lathering power of the soap notably. 


Although a knowledge of the chemical and physical characters of alkalies 
and of their effects on the physical properties of soap solutions is indicative 
of their detergent effect, yet actual washing tests constitute the only satis- 
factory final criterion of the detergent efficiency of soap builders. In previous 
papers (2, 3) there was described a technique for determining in quantitative 
terms, by means of a small-scale laboratory washing operation, the detergent 
efficiency of washing procedures. The present paper deals with the applica- 
tion of this technique to a comparison of a number of common alkalies used as 
soap builders. In a following paper will be given the results of a comparison 
of the same builders in a full-scale trial in a power laundry. 


Previous Work 


Alkalies used as soap builders in the power laundry industry offer a field 
for comparative work. To date this field has been exploited only on laboratory 
scale. There are very few, if any, cases on record where the exploitation has 
reached full-scale laundry plant proportions. This is unfortunate since labo- 
ratory and plant results do not always coincide. Rhodes and Bascom (4) 
found that by using a 0.25% soap at 40° C. with added alkali the detergent 
action first increased and then decreased with increasing alkalinity. With 
all builders studied the maximum detergent effect was found at a pH of 10.7. 


Baker (1) has made one of the best contributions in recent years by a series 
of fairly simple experiments in which he considers pH, wetting ability, lather- 
ing power, and the stability of emulsification produced by soap builders. 
Snell (5) in a paper dealing with the manufacture and use of trisodium 
phosphates gives some comparative figures of pH and alkalinity for several 
soap builders. 


1 Manuscript received March 27, 1933. 
Contribution from the National Research Laboratories, Ottawa, Canada. 


2 Assistant Research Chemist, National Research Laboratories, Ottawa. 
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In later papers (6, 7) Snell discusses the initial available alkalinity of all 
the common alkalies used as soap builders. In addition to this their effect 
on the lowering of interfacial tension between water and oils has been deter- 
mined. 


In a previous publication by the writer (2) a quantitative method for 
measuring the detergent action of laundry supplies was discussed. Method 
rather than application to full-scale practice was stressed and only neutral 
soaps were studied. 


Experimental 


Before attempting actual full-scale laundry plant experiments to determine 
and compare the detergent efficiency of the common builders, the method 
was tried out in this laboratory on small scale. 


The procedure in this set of experiments was to wash standardly soiled 
cloth, similar to that previously tested (2, 3), with neutral soap to which 
had been added increasing amounts of the commonly used soap builders. 
The increase in reflecting power, or brightness, of the soiled fabric was con- 
sidered as the criterion of the washing efficiency. This was measured with 
a Zeiss Pulfrich photometer. The washing was effected in the experimental 
wash wheel and the same technique was used as previously discussed (2, 3); 
the temperature of the wash was 50° C. (122° F.), and the soap concentration 
was 0.1%, and the time of one wash was 10 min. Five consecutive washes 
were run with each concentration of builder. The reflecting power of the 
soiled fabric was measured after each wash. 


Experimental Results 


Electrometric pH measurements on 
the built soaps used in these experi- 
ments were made prior to the washing 
tests. One experimenter (4) has 
claimed a direct relation between pH 
and detergency and it was thought 
desirable to check these results. This 
phase of the work will be discussed 
0.1% NEUTRAL SOAP in a later section. The pH data are 

plus given in Table I and illustrated gra- 
BUILDER. phically in Fig. 1. For purposes of 
comparison the concentrations of each 
CONCENTRATION M.E./L. builder are given in milli-equivalents 


Fic. 1. pH values of 0.1% neutral per litre. For more practical purposes 
soap plus builder. they are also given in weight per cent. 
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TABLE I 
pH VALUEs OF 0.1% BUILT SOAP SOLUTIONS 
Con- 
cum Caustic Soda Trisodium Sodium 
= a ash phosphate metasilicate Borax 
alkali |__| —————____—————————_—__ 


M.E./1\Wt. % pH |Wt.% pH |Wt.% pH |Wt.% pH |W. % pH 





1 .040 | 11.57 | .052 10.69 | .120 | 11.12] .104 11.26 | .100 9.38 
2 .080 | 11.80] .104 10.86 |} .240 | 11.40] .208 11.53 | .200 9.34 
35.0 | .140} 12.00] .182} 10.94] .420| 11.56] .364 11.74 | .350 9.33 
50.0 | .200 | 12.12] .260| 11.03 | .600|] 11.69 | .520| 11.87 | .500 9.33 


*pH of neutral soap used = 10.24. 

NoTE:—For purposes of clarity the concentration term milli-equivalent per litre is explained 
here. Considering soda ash as an example: chemical formula, Na,CO;; molecular weight, 
106 gm. (approx.); equivalent weight, 53 gm., 1 milli-equivalent = a0 = 0.053 gm. Hence 


a concentration of one milli-equivalent per litre is 0.053 gm. of soda ash dissolved in water and 
diluted to 1000 cc. 
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From these results it will be noted that for a given concentration of builder 
the alkalinity falls in the following order: caustic soda, sodium metasilicate, 
trisodium phosphate, sodium carbonate, and borax. 


Table II contains the data derived from the washing experiments. The 











TABLE II 
DETERGENT EFFICIENCY DATA 

Alkali M.E./1 | Wt. per cent E 
Sodium carbonate 0.0 10.24 31.1 0.0 
i.2 10.34 38.8 24.8 

5.0 10.55 40.0 28.6 

12.5 10.75 38.5 23.8 

25.0 10.89 35.8 15.1 

Trisodium phosphate 0.0 , 10.24 29.8 0.0 
2.9 ; 10.57 33.1 43.1 

5.10 0.060 10.85 38.7 29.8 

10-0 0.120 11.12 38.7 29.8 

30.0 0.360 11.52 32.4 8.7 

Sodium metasilicate 0.0 0.0 10.24 27.6 0.0 
2.5 0.026 10.69 35.2 21.8 

5.0 0.052 10.97 38.2 38.4 

15.0 0.156 11.42 36.8 33.3 

40.0 0.416 11.80 32.0 19.6 

Caustic soda 0.0 0.0 10.24 30.0 0.0 
0.5 0.002 10.43 34.6 15.3 

1.0 0.004 10.63 36.9 23.0 

2.0 0.008 10.87 39.4 31.3 

5.0 0.020 11.25 38.8 29.3 

10.0 0.040 11.57 34.4 14.7 

Borax 0.0 0.0 10.24 30.5 0.0 
0.5 0.005 10.11 31.4 3.6 

ae 0.025 9.64 30.6 — 

10.0 0.10 9.47 31.4 3.6 

20.0 0.20 9.34 35.2 32.3 
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first column shows the builder used. The second and third columns give the 
concentrations of builder used in milli-equivalents per litre and in weight 


a ¥.8.F- 
x CAUSTIC 


Fic. 2. Relation between the pH of the washing solu- 


tion and its washing efficiency. 


per cent respectively. The 
fourth column gives the pH 
value of the wash liquor with 
which the washing was per- 
formed. The fifth column 
gives the values of S which is 
explained below. The S value 
for zero concentration of 
builder is the B value which is 
also explained below. The B 
values vary slightly depending 
on the batch of soiled cloth 
used. The sixth column gives 
the detergent efficiency value 


E which is really the increase in efficiency produced by the presence of the 
alkaline builder in the soap solution. This is calculated from the formula 


E = 100 (B—S)/S 


as originally used by Rhodes and Bascom (4) where, B = the increase in 
brightness of the soiled cloth after five washes with 0.1% soap solution to 
which builder has been added; S = the increase in brightness of the soiled 
cloth after five washes with 0.1% neutral soap. This mode of calculation 
gives neutral soap an E value of zero. 


These results are shown 
graphically in Figs. 2 and 
3 where E is plotted against 
concentration pH and re- 
spectively. The data for 
borax have been omitted 
from these graphs. Borax 
does not increase the deter- 
gent efficiency of a soap 
but may possibly have 
some use as a buffering 
agent or a water softener. 
However these properties 
will not be dealt with here. 


Possibly the simplest 


CONC. MEAL, 


Fic. 3. Relation between concentration of builder and 
washing efficiency. 


method of surveying the above data is by means of Table III. 
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TABLE III 


SURVEY OF DETERGENT DATA 





Conc. for 


‘ Pound 
: maximum Efficiency : 
Alkali efficiency E pH index are 
% index 
Soda ash 0.026 28.6 10.5 1100 2.9 
Trisodium phosphate 0.060 31.4 10.9 523 6.1 
Sodium metasilicate 0.052 39.0 11.0 750 4.2 
Caustic soda 0.010 32.0 10.9 3200 1 


The efficiency index given in column 5 of Table III is obtained by dividing 
the efficiency E by the concentration. This allows a comparison of the 
efficiencies per unit of concentration. A high index value indicates a high 
efficiency. In column 6 this information is expressed in another way. The 
amount of other builders that will do the same work as one pound of caustic 
soda is calculated. 


Discussion of Results 


In discussing these results the laundryman is naturally interested in what 
the comparative costs will be with different builders and the quality of the 
work that will be turned out. The chemist wishes to determine why certain 
results were obtained. In the former case it is impossible to give very definite 
answers until the work has progressed further and reached plant scale. The 
results are quite indicative however that differences in builder efficiencies do 
exist. When optimum concentration is linked up with actual washing 
efficiency these differences become quite pronounced. In rank of decreasing 
efficiency the builders fall in the order of caustic soda, sodium carbonate, 
sodium metasilicate and trisodium phosphate. The latter two alkalies are 
not widely different. 


When washing efficiency alone is considered the order of decreasing merit 
is sodium metasilicate, caustic soda, trisodium phosphate, and soda ash. 
The factor effecting the change in order of merit is the concentration. Rhodes 
and Bascom (4) give the order of decreasing efficiency as soda ash, trisodium 
phosphate and caustic soda. This is a complete reversal of the present 
findings. However the data of Rhodes and Bascom (4) may be questioned 
for the following reason. Their results show caustic soda to have little or no 
effect in increasing the detergent efficiency. In full-scale plant practice this 
is not the case since the writer knows of a number of Canadian laundries 
using caustic soda as a soap builder with excellent results. Test bundles 
issued from this laboratory and run in these plants have turned out extremely 
well. Any experienced laundryman knows that caustic soda is a good soap 
builder but requires very accurate control. This point is proved in Fig. 3 
where caustic soda is shown to have a very sharp efficiency peak. 





434 CANADIAN JOURNAL OF RESEARCH 


It will be noted that trisodium phosphate, sodium metasilicate, and caustic 
soda exhibit their maximum detergent efficiencies at approximately the same 
pH values, namely 10.9-11.0; at variance with this soda ash exhibits its 
maximum efficiency at a pH value of 10.5. This is a point not readily explain- 
able. However it would tend to indicate that all builders are not under 
optimum detergent conditions at the same pH value. Plant experiments 
should throw some light on this matter. 


In considering all the points brought forward in this work several limit- 
ations must not be overlooked. One type of soil has been used. Even though 
this soiling mixture is quite representative of the type of dirt encountered in 
the laundry it must not be considered as necessarily representative of all 
conditions. All results obtained have been dependent on the reactions of 
this soil to the washing process. It has merely provided a standard means 
of comparison. Nevertheless it is felt that this soil is representative in the 
majority of cases. Special and involved cases will require particular attention 
as they appear. 


In the present work the optimum builder concentrations have been obtained 
using a soap concentration of 0.1%. It has been noted that the lathering 
power of this soap is affected to different degrees by different builders, notably 
sodium metasilicate and caustic soda. It is quite possible that lower soap 
concentrations would be found adequate when using these builders. This 


will be determined in plant tests. 
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THE DETERMINATION OF MOISTURE IN HONEY 
BY THE HYDROMETER METHOD! 


By H. D. Chataway? 
Abstract 


The hydrometer method of testing honeys has been shown to give results 
as satisfactory as those obtained by other methods provided that; (1) a large 
sensitive hydrometer is used, (2) the percentage of moisture is calculated from a 
proper honey table and not from the usual sugar tables, and (3) a shallow layer of 
water is added to the surface of the honey after the hydrometer has been in- 
troduced. A suitable, specially constructed hydrometer is described, and a 
table of true honey densities has been drawn up. For accurate work the ob- 
served densities should be corrected for the slight error which would otherwise 
arise from the smaller buoyancy thrust of the water layer as compared with 
a honey layer of the same elders. 


Introduction 


In a previous paper (1) methods for the determination of moisture in honey 
by means of both refractive index and viscosity measurements were described 
in detail. It was stated there that, although the hydrometer method as 
commonly used gave very poor results, the possibilities of this method would 
be explored. This has been done, and the results are given below. 

One of the obvious disadvantages of the hydrometer method is that it 
requires a fairly large sample of honey, depending on the size of the instru- 
ment. For this reason in designing a special hydrometer for honey purposes 
an attempt was made to keep the size as small as possible. However, since 
a difference of 0.2% moisture corresponds to only 0.09° Bé., it was clear 
that a hydrometer to give accurate results would need to have a wide open 
scale, and this set a limit to the possible compactness of the instrument. 
Thus an instrument (Fig. 1) of minimum dimensions suitable to the purpose 
proved to be one having an over-all length of 32 cm., a maximum diameter 
of 1.7 cm., a stem diameter of approximately 5 mm., and a scale 11.7 cm. 
long graduated between 37 and 44.5° Bé. About 5 cm. might have been 
saved in the length of the stem by omitting the graduations from 37 to 40° 
Bé., since this part of the stem was not required for testing the range of honeys 
reported in this paper, but would be needed for work on thin nectar honeys. 
The instrument also had a thermometer graduated from 60° to 140° F. built 
into it. It was made to order, and both the hydrometer and thermometer 
scales have been standardized and found to be without appreciable error. 

It is well known that hydrometer tests on viscous materials such as honey 
give very inaccurate results. The hydrometer appears to stick at positions 
quite other than the true equilibrium ones. Thus, in using the above in- 
strument, although there could be no very great error in reading its actual 
position, repeated tests gave very erratic results no matter what length of 
time was allowed for the instrument to come to equilibrium. 


+ Manuscript received April 18, 1933. 
Contribution from the National Research Laboratories, Ottawa, Canada. 


2 Junior Research Chemist, National Research Laboratories. 





Fic. 1. Ho- 
ney hydro- 
meter drawn 
to scale. (a) 
Sealing wax; 
(b )lead shot; 
(c) mercury. 
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Searching for the exact cause of this it was easy to see that if 
the stem has once been wetted with honey to a point above the 
equilibrium one the hydrometer in rising to its true position will 
be weighed down by a layer of honey clinging to the emerging 
portion of the stem. A layer of water was therefore placed on the 
top of the honey in order to supply a non-clinging surface, and this 
simple expedient* proved entirely successful. Near its equilibrium 
point, the hydrometer moves slowly so that the water dissolves the 
adhering film of honey, keeping the stem clean. As a result 
the readings obtained were found to be accurate and dependable. 


Experimental 


The densities of a number of honeys, obtained for the most 
part from ordinary commercial sources, were measured using the 
above hydrometer, and at the same time the moisture contents 
were determined by the refractive index method using the special 
honey tables developed previously. In the case of ten honeys, 
readings were taken not only on the original honeys but also on 
the same honeys after they had been diluted, and in the case of 
three honeys readings were similarly taken after the honeys had 
been concentrated at moderate temperatures. Nothing in the 
least abnormal could be discovered about these readings on 
diluted and concentrated honeys, and they have therefore not 
been kept separate from the others in the table given. Three of 
the honeys (designated B in the table) were medium flavored 
buckwheat honeys, but they did not give decidedly abnormal 
results, probably due to the fact that abnormalities in the rela- 
tion between density and moisture content would be reflected in 
the relation between refractive index and moisture content. 

In determining the densities, the honeys were heated to 120° F. 
in a hot-air oven and when completely liquefied were thoroughly 
mixed and a sample poured into an upright glass cylinder, 35 mm. 
in internal diameter and approximately 30 cm. in height. The 
hydrometer was introduced into the sample and then 5 cc. of 
water was poured on the surface. After 10 or 15 min. the 
apparent density, as given by the top of the water meniscus, was 
read, and the temperature noted. These readings were repeated 
two or three times and then the density readings were corrected 
to 68° F., whereupon the individual values very rarely differed 
from one another by more than 0.12° Bé. 

In order to determine the temperature correction factor, 15 
readings were carefully taken on a sample of honey as the 
temperature was dropping from 127 to 84° F. On plotting these 
it was found that 1° F. corresponds to a difference of 0.02° Bé. 


* Suggested by the author's colleague, D. F. Stedman. 
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It was also necessary to correct for the effect of the water layer due to the 
difference in density of water and honey. Since this correction is not large 
no appreciable error is introduced by calculating it on the assumption that 
the specific gravity of all honeys is 1.40. From this it would follow that the 
buoyancy thrust of the water layer would be rx less than that of a layer of 
honey of the same thickness, namely 5mm. Actually this thickness amounted 
to a distance on the scale reading of the hydrometer of 0.32° Bé, xc of which 
is equal to a difference of 0.09° Bé. The observed readings had therefore 
to be increased by 0.09° Bé in order to give the true densities of the honeys. 


TABLE I 


EXPERIMENTAL RESULTS ON COMMERCIAL HONEYS 


% Water Observed Corrected % Water Diff. between 
calcd. from Beaumé Beaumé calcd. from columns 
ref. index readings readings Table II 


18.00 
17.56 
18.29 (B) 
18.40 (B) 
17.84 (B) 
17.34 
18.15 
16.01 
17.46 
19.00 
19.07 
17.58 
16.50 
18.33 
18.23 
18.27 
19.11 


+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
*. 
+. 
+. 
+. 
+. 
+. 
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TABLE II 


RELATION OF MOISTURE CONTENT TO DENSITY* 



























Density Densit Densit Densit 
Water,| at 68°F. at 68° F. Water, at 68° F. Water, at 68° F. 
% on Beaumé % on Beaumé % on Beaumé 








scale 





HARVOWDARNO 
CRARNOHALNO 


*Correction for temperature = —0.02° Bé per °F. 


The results are given in the 
first three columns of Table I 
and in Fig. 2. From these, 
Table II has been drawn up 
showing the true relation be- 
tween honey densities and per- 
centages of moisture. As in 
the case of the refractive indices 
it will be seen that the densities 
of honeys are considerably less 
than those of sugar syrups of 
the same moisture contents, the 
differences being such as to 
cause an error of from 1} to 
2% in the calculated moisture 
content if the ordinary sugar 
eee 6 oe wel. Calcistng 


% WATER CALCULATED FROM REFRACTIVE INDEX MEASUREMENTS back from the observed densi- 
Fic. 2. Curve indicating degree of accuracy obtain- : . 
bie by improved hydrometer method of delermining ties and the values given in 

moisture in honey. Table II, the values given in 


the fourth column of Table I 
were obtained. The differences between the values in the first and fourth 
columns therefore give the magnitude of the experimental error characteristic 
of this method of determining moisture contents. These differences are 
given in Column 5. 






















DENSITY w°ad aT es 





DETERMINATION OF MOISTURE IN HONEY 
Note on Viscosity Method 


While carrying out the above work, moisture determinations by the vis- 
cosity method, described in the previous paper (1), were also made on the 
honey samples. The results, while they do not in any way discredit the 
viscosity method of determining moisture, emphasize the fact that in making 
the arbitrary measurements of viscosity it is essential to use a tube of exactly 
the internal diameter originally specified, i.e.,15 mm. A difference of 1 mm. 
leads to an average error of 0.1% moisture. 


Reference 
1, Caataway, H. D. Can. J. Research, 6: 532-547. 1932. 





THE PREPARATION OF 6-CHLOROPROPIOPHENONE! 
By C. F. H. ALLEN,? H. W. J. CREssMAN® anp A. C. BELL? 


Abstract 


A suitable, inexpensive apparatus and procedure for the preparation « 
8-chloropropiophenone from ethylene and benzoyl chloride in the eaenanee of 
aluminium chloride are outlined. Several homologues are also described 


The use of vinyl phenyl ketone in a certain type of addition reactions has 
been the subject of several recent papers (1, 2, 3). The most satisfactory 
source of the unsaturated ketone was found to be 8-chloropropiophenone 
(i, 5, 7, 9, p. 845), but the best known method for preparing the latter 
involved so many steps it seemed advisable to try to devise a more suitable 
procedure. 


Norris and Couch (18) described the preparation in small amounts, of vinyl 
phenyl ketone by the Friedel-Crafts reaction, from benzoyl chloride and 
ethylene in the presence of anhydrous aluminium chloride. From Kohler’s 
earlier study of vinyl phenyl ketone (12) it was evident that 8-chloropro- 
piophenone should be an intermediate product, from which the unsaturated 
ketone was produced by loss of hydrogen chloride during the distillation; 
this was later found to be the case (17). Accordingly the problem resolved 
itself into devising a suitable apparatus for carrying out the reaction, which 
may be represented by the outline 


CH=CH; + C.H;COC! + (AIC) ——» CH,CICHs:COC,Hs. 


However, it is not as simple as it appears. The benzoyl chloride and 
aluminium chloride form a double compound, insoluble in most solvents 
except ethyl bromide (17). The ethylene must be introduced in some way 
so that it becomes well-mixed with the solution, not used in too great an 
excess for economic reasons, and be available for the duration of the run. 
The §-chloroketone is easily decomposed by heat, so its isolation from the 
reaction mixture after decomposition of the aluminium chloride complex 
must be carefully accomplished. 


At first sight it seemed that the easiest way to speed up the very slow 
reaction was to operate under pressure. When this was done, very little of 
the desired product resulted, but much thick, brown oil. In view of the 
work of recent investigators (15, 21) on the production of synthetic lubricating 
oil, the latter was probably polymerized ethylene. It was finally found that 
only enough pressure to get the gas into the reaction vessel was needed. 
The details of the construction of the apparatus that finally proved satis- 
factory and its operation are given in the experimental part. 

1 Manuscript received March 14, 1933. 
Contribution from the Department of Chemistry, McGill University, Montreal, Canada. 


8 Assistant professor of Chemistry, McGill University. 
3 Graduate student, McGill University. 
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The Friedel-Crafts reaction has been applied to non-benzenoid hydro- 
carbons to a relatively slight extent until recently. Krapivin (14) prepared 
aliphatic unsaturated ketones from acetyl chloride or bromide and propylene, 
cyclopropane, isobutylene, hexylene, heptylene, and octylene. Darzens (8) 
recorded that acetyl chloride did not react with cyclohexane in the presence 
of anhydrous aluminium chloride, but with cyclohexene a saturated chloro- 
ketone (I) resulted; stannic chloride gave a better yield. 


he P 
Cc 


\ 
CH lly 
[,, tCHCocl—> Cf, “CHCOCH, 
7 CH, CH; 


H: 
(1) 


Since hydrogen chloride could readily be eliminated, the reaction would 
simulate that of an aromatic compound and suggest that the production of 
ketones from aromatic hydrocarbons by the Friedel-Crafts reaction proceeds 
through an intermediate addition product; this mechanism has been advo- 
cated by Wieland for several years (22). Ruzicka has made use of this reaction 
of Darzens for preparing certain unsaturated alicyclic ketones to be used in 
his synthesis of substituted decalins (19, pp. 1157, 1161, 1166). 


Aliphatic 8-chloroketones have also been described, prepared from iso- 
butylene (13), trimethylethylene (22), ethylene (20), and certain unsaturated 
cholesterol derivatives (23) with acetyl chloride in the presence of anhydrous 
aluminium chloride.* 


Nenitzescu (16) has found that under certain conditions cyclohexane and 
many alkyl halides react in the presence of anhydrous aluminium chloride to 
give a variety of products; the initial dehydrogenation of cyclohexane to 
cyclohexene is suggested. Hopff (10) showed that many aliphatic and ali- 
cyclic hydrocarbons underwent the Friedel-Crafts reaction, but the yields 
were very small. 


8-Chloropropiophenone has hitherto been prepared by the addition of 
hydrogen chloride to vinyl phenyl ketone (12) and by the action of 8-chloro- 
propionyl chloride on benzene in the presence of anhydrous aluminium chloride 
(1, 5, 7, 9, p. 845). This new procedure might be applied to the production 
of the homologues of 8-chloropropjophenone, except that the necessary acid 
chlorides are not as readily available, and until the properties of the former 
were known the method of isolation could not be determined. Accordingly, 
the writers synthesized nine 8-chloropropiophenones, having substituents in 
the phenyl group, from §-chloropropionic acid; these substances are much 

*In a paper that came to hand after this manuscript was completed, the preparation of 1, 4-di- 


chlorobutanone —2 from chloroacetyl chloride and ethylene in the presence of anhydrous aluminium 
chloride was des (6) 
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alike in their physical properties. The p-phenyl homologue was already 
known (1) and was the only one to have a much higher melting point, but its 
purification was very tedious. 


Experimental 


The apparatus is assembled according to Fig. 1. A is a 6-8 litre bottle set 
at a convenient height above E, a 6-litre flat-bottomed flask containing 
ethylene; the latter is calibrated in 250-cc. units in order to indicate approxi- 
mately how much gas has been absorbed. Each run requires 12-14 litres. 
B, €, and D are used in refilling, without disconnecting from the apparatus. 


Fic. 1. Diagram ef apparatus. 


F and G are medium-sized drying towers containing anhydrous calcium 
chloride and small pieces of potassium hydroxide respectively. J is an Emmer- 
ling tower full of glass beads wet with concentrated sulphuric acid. J is a 
small drying tower containing alternate layers of glass wool and phosphorus 
pentoxide. K and R are bubble counters; K contains just enough benzoyl 
chloride to barely seal the end of the inlet tube, but 3 cm. of water are placed 
in R. 

The special stirrer M (Fig. 2) of Pyrex glass was devised to introduce the 
ethylene into the solution under slight pressure. The lower part is hollow; 
a very small hole is blown so that it comes in the open space below the upper 
stopper. The distance d, b’ is such that it will just pass through the neck of 
the flask; point a is blown out slightly—any constriction is to be avoided. 
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The tube below a is 1 cm. long. The walls of C are best constructed of two 

pieces of Pyrex that fit snugly and can be fastened at d by friction tape. This 

allows the use of a shorter stirrer, since the upper portion can be raised after 

the motor has been attached; it prevents throwing of mercury and facilitates 
dismantling. Each part contains mercury up to the dotted 
line. In operation, the arms of the stirrer are nearly im- 
mersed in the solution, and it is rotated at a moderate 
speed. This is a modification of a stirrer devised by 
Benning (4). 


N is a one-litre three-necked flask in which, the reaction 
takes place, and is fitted with a small dropping funnel L 
and exit tube connected as shown to O, a protective cal- 
cium chloride tube, and P, a small drying tube filled with 
potassium hydroxide. The success of the preparation 
depends upon absolute dryness. Q isa trap and Sa Drechsel 
bottle holding a 3-cm. layer of bromine covered by water. 
Rubber tubing and screw pinchcocks may be substituted 
for most of the glass stopcocks if only one or two runs are 
to be made. 


In flask N is placed 60 gm. (0.45 mole) of pulverized 
anhydrous aluminium chloride* and 100 cc. of ethyl bromide 


is admitted through L**. The stirrer is started, and 56.3 
gm. (0.4 mole) of technical benzoyl chloride is slowly 
dropped in from L during a half hourt; a soluble double salt results. Ethylene 
from E is now forced in by the water pressure in A at such a rate that there 
is no passing of gas through R. It is absorbed very rapidly at first (5 litres 
in 3.5 hr.). After 7-8 litres have reacted, the rate slackens (40-45 drops of 
water per minute from A)ff. After 30-35 hr. a considerable amount of solid 
separates and the absorption becomes exceedingly slow; when it has practic- 
ally stopped{ the reaction is considered complete, although there is still some 
unused benzoyl chloride. If the operation is continued until the odor of the 
benzoyl chloride has disappeared, the yield is considerably decreased and much 


*The aluminium chloride is the principal source of poor results; the only sure way of determin- 
ing the suitability of a given lot is to try it out on a quarter-size run. Material that is satisfactory 
for ordinary Friedel-Crafts reactions may give only small amounts of the chloroketone. In some 
instances the addition of 1% of anhydrous ferric chloride will make an unsatisfactory grade of 
—" chloride suitable, but ferric chloride alone will not do. Stannic chloride was unsatis- 

‘actory. 

“*If the ethyl bromide is of doubtful quality it should be stored over anhydrous aluminium 
chloride for 15 min. before use. A slight excess of the latter is used in the preparation to allow for 
small amounts of water, alcohol, or ether. * 

tThere is a considerable evolution of halogen acid while adding the benzoyl chloride; tube O is 
disconnected, stopcock T opened, and the gas absorbed in water—t is not advisable to use a gas 
trap. The addition of the chloride evolves heat so that it must be added slowly to prevent loss of 
ethyl bromide. 

ttThe slow absorption is somewhat accelerated by occasionally sweeping out the reaction flask. 
This is done by opening V for a few seconds. 

{To determine the completion of the reaction the flask is swept out and the stopcock W is closed; 
af “> is not an appreciable rise of water in the tube of R in five minutes the reaction ts considered 
complete. 


Fic. 2. Stirrer. 
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oily by-product formed. The operation may be interrupted at any time, #.e., 
need not be continuous. When not in operation it is necessary to lift the 
stirrer out of the solution and open stopcocks 7 and V. 

The reaction flask is then removed and its contents poured upon a mixture 
of 400 gm. of ice and 50 cc. of concentrated hydrochloric acidf{. The liquid 
is filtered from a flocculent precipitate through glass wool. The lower layer 
is separated and washed twice with 100-150 cc. of water. Flask WN is rinsed 
with 250 cc. of benzene, the latter being poured through the glass wool and 
then used to extract the aqueous upper layer. The combined extracts are 
dried a half hour with calcium chloride, filtered into a distilling flask and the 
solvent removed in vacuo. It is important to heat the 6-chloropropiophenone 
as little as possible. The solvent is distilled, keeping the temperature of the 
water bath used as source of heat below 50° C. The distillate is used to 
extract subsequent runs. The residual yellow-brown oil is poured out into 
a dish and allowed to solidify. 


The crude 8-chloropropiophenone is purified by recrystallizing as follows: 
250 cc. of petroleum ether§ is heated to boiling in a suitable wide-mouthed 
flask under a reflux condenser, the heat removed, and when refluxing has 
stopped 25 gm. of the crude product added. The solution is boiled several 
minutes and then filtered through a previously warmed funnel. From the 
cooled filtrate, yellow flakes, m.p. 52—53° C., separate and are filtered; a second 
crop is obtained by distilling a part of the solvent. The combined yield is 
$9-62 gm. (87-92%). It will keep several months in bottles of brown glass. 
A second crystallization gives an almost white product, m.p. 55-56° C.; the 
pure ketone melts at 57° C. (12). 

The crude solid may be purified by vacuum distillation in 10-gm. lots, if 
the pressure is kept below 2 mm., followed by recrystallization as above. 
When §-chloropropiophenone is prepared from 6-chloropropionic acid it melts 
at 49° C., even when white, unless it is put through a treatment with a decolor- 
izing carbon (Darco). 

The substituted 6-chloropropiophenones were all prepared by the modifica- 
tion (1) of Hale and Britton’s method (9, p. 845). The oils remaining after 
evaporation of the solvent usually solidified when chilled in a freezing mixture. 
They were all deeply colored and required three or four recrystallizations 
from petroleum ether (65-80° C.) for purification. Their properties are sum- 
marized in Table I. 


The products were oily when mesitylene, cumene, pseudo-cumene, cymene, 
naphthalene, veratrol, and resorcinol dimethyl ether were used. The entering 
group always took the para position as was shdwn by identifying the acids 


{The ethyl bromide may be distilled off before decomposition and used in subsequent runs, 
but it ts hardly worth while unless molar quantities are being used. In the latter event, a two- 
litre flask is used. A molar run requires 27-30 litres of ethylene and takes 75-80 hr. The per- 
centage yield is practically the same. The oil remaining after removal of the ethyl bromide is 
taken up in 700 cc. of bensene and decomposed in the way described above. 

§Commercial ‘‘aeroplane gas’’ is fractionated and the portion boiling from 65 to 80° C. taken. 
The 80-100° fraction may also be used provided the temperature is kept below 85° C. during the 
crystallisation. If available, technical cyclohexane is the most satisfactory solvent. 
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TABLE I 


PROPERTIES OF 8-CHLOROPROPIOPHENONE HOMOLOGUES 


| 


Cosetion. | ia) tae nanan ee 


form 7% Caled., % | Found, % 


|\— ae 


Zz 
9 


Substituent Formula 


CsH,OFC1 Plates 
C,H sOCl. Cubes 
C,H,OCIBr Leaflets 
CyHnOCl Plates — 
C,H OCI Leaflets 
CnH,y OCI Needles 
CyoHu0-2Cl Leaflets 
Cin Hy30-Cl Plates 
CisH};0.Cl Plates 
CisH;;0C1 Needles 


COOONIAMP WHE 
A~I0 PR OWRO 
OU WANN UNO 


oss 


*See Ref. 1, p. 741. 


**The new ketones were analyzed by estimating the chlorine in the beta position, which was 
easily removed by alcoholic sodium hydroxide. 


produced on oxidation. Chromic acid was used for 2, 3, 4, 5 and perman- 
ganate for the others. Substituted benzoic acids were produced with all 
except 4 and 5, which gave terephthalic acid; this was converted into the 


dimethyl ester by the usual procedure. In all cases except 9, a mixed melting 
point with an authentic specimen was determined—in the following list, the 
observed melting point is given first, then the melting point of the mixture 
with the reference compounds: (1) 182, 182; (2) 233, 235; (3) 251, 248; (4 
and 5) 140,140; (6) 160, 159; (7) 180, 182; (8) 190, 194; (9) 158}; (10) 
215, 218° C. 
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THE IONIZATION CONSTANTS OF p-NITROPHENYLACETIC AND 
PHENYLMALONIC ACIDS! 


By STEWARD BASTERFIELD*? AND JAMES W. TOMECKO? 


Abstract 


The ionization constants of p-nitrophenylacetic and phenylmalonic acids have 
been determined from conductivity data. The value of K for p-nitrophenyl- 
acetic acid at 25° C. is 1.04 X 10, about twice that of phenylacetic acid. 
The nitro group in the nucleus has not as powerful an effect on the ionization 
when the COOH group is in the side chain as it has when both nitro group and 
COOH are in the nucleus. K for p-nitrobenzoic acid is six times as great as 
K for benzoic acid. K for phenylmalonic acid is 2.77 X 107% as compared with 
1.6 X 10-3 for malonic acid. 


In connection with studies on the urethanes of p-nitrophenylacetic and 
phenylmalonic acids carried on in this laboratory, it was desired to know the 
values of the ionization constants of these acids, and a search of the 
Landolt-Bérnstein Tables and the International Critical Tables failed to 
reveal them. Although a reference is made by Meldrum (1) to a measure- 
ment of the constant of phenylmalonic acid by Walden, a search failed to 
locate it, and no value seems to have been recorded officially. The present 
study was undertaken in consequence. 


The ionization constant of -nitrophenylacetic acid was determined by the 
standard conductance method. The acid is comparatively weak, and in 
order therefore to calculate Aw for the acid, the conductance of the sodium 
salt had to be determined. The conductance of a series of solutions of the salt 
was measured and the values of equivalent conductances plotted against the 
square roots of the coricentrations and Aw obtained by extrapolation. Ao 
for. the acid was then calculated by the principle of Kohlrausch. The con- 
ductance of a series of solutions of the acid was next determined, and values 
of A inserted in Ostwald’s dilution formula to obtain K. 


In the study of phenylmalonic acid, the ionization constant for the first 
hydrogen only was determined. To evaluate Aw for the acid the conductance 
of the monosodium salt had to be measured. The usual method of measuring 
the conductances of a series of solutions, and extrapolating to find Aw could 
not be used, since at high dilutions the second hydrogen becomes dissociated. 
Meldrum (1) in a study of a series of alkylmalonic acids found that at a 
dilution of 1024 litres, A for the monosodium salt is practically identical 
with Aw calculated from two values of A at different concentrations by means 
of the relation :— 


A? CG ‘ A? Cy oe 
Aw(Aw—A:) = Acw(Aw —As) P 
1 Manuscript received March 6, 1933. 
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Following this method therefore, the value of A for a 0.001 M solution of 
the sodium salt was taken as Aw for the salt with the sodium ion completely 
dissociated. The value of Aw for the acid was then calculated. Values of A 
for a series of solutions of the acid were measured and K calculated by the 
Ostwald formula as before. 


The values of K obtained for the two acids are given below together with 
values of related acids for comparison. It will be noted that the introduction 
of the nitro group into phenylacetic acid doubles the value of the ionization 
constant. The effect of the NO, group here is not so great as in p-nitrobenzoic 
acid, where both the nitro group and the COOH are attached to the nucleus. 
K for p-nitrobenzoic acid is about six times as great as for benzoic acid. 
The introduction of the nitro group into the p- position in phenoxyacetic 
acid increases the ionization constant to about the same extent as does its 
introduction into phenylacetic acid. 


The introduction of the phenyl group into acetic acid increases the ioniza- 
tion constant threefold, while a similar introduction into the much stronger 
malonic acid increases the value of K by barely three-fourths. 


TABLE I 


VALUES OF K FOR VARIOUS ACIDS 





Acid K (at 25° C.) Acid K (at 25° C.) 
Acetic 1.81 x 10° Malonic 1.61 X 107° 
Phenylacetic 5.45 X 10-5 Phenylmalonic 2.77 X 107 
- Nitrophenylacetic 1.04 X 10-¢ Benzoic 6.6 xX 10% 
henoxy acetic 7.40 X 10 p-Nitrobenzoic 4.0 X1 
p-Nitrophenoxy acetic 1.50 x 107% (at 99° C.) 
Experimental 


p-Nitrophenylacetic Acid and its Sodium Salt 


p-Nitrophenylacetic acid was recrystallized from hot water until its melt- 
ing point was constant (152° C.). The sodium salt was prepared by treating 
an aqueous solution of the acid with a slight excess of sodium hydroxide. 
The solution was brought to the neutral point with a few drops of hydro- 
chloric acid, and evaporated to dryness on the steam bath. The residue was 
extracted with absolute alcohol, and the sodium p-nitrophenylacetate pre- 
cipitated from the alcohol solution by the addition of anhydrous ether. The 
salt was collected, washed with ether and dried, and reprecipitated several 
times from alcoholic solution. 


A series of solutions of the salt in conductivity water was made gravi- 
metrically and the equivalent conductances determined in the: usual way at 
25° C. Ae for the salt was obtained by extrapolation of the curve of equiva- 
lent conductance plotted against the square root of the concentration. 
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The equivalent conductances of a series of solutions of the acid were 
determined in similar fashion, and K calculated from Ostwald’s dilution 
formula. The results are tabulated below. 




















TABLE II TABLE III 
CONDUCTANCE OF SODIUM p-NITROPHENYLACETATE. CONDUCTANCE OF p-NITROPHENYL- 
CELL CONSTANT 1.0227 ACETIC ACID 
x Molar |, | aan ie 
Molar teens Equiv. aide Resist- Equiv. K x 108 
concentration conductance ance conductance | 


centration 
| ' 





0.01 1008 101.46 0.01 2479 41.43 1.117 
.005 1967 104.00 005 3585 57.06 1.101 
.0025 3815 107.24 001 9185 113.70 1.037 
.001 9230 110.70 .0005 | 14600 143.14 912 
.000 113.00 
Ao (salt),113 Aco (Nat),48.82 Ao (anion), 64.18 Mean value of K, 1.041 X 1074 


Aw (H*), 350. Aw (acid) = 64. 18-+350 =414. 18 


Phenylmalonic Acid and its Monosodium Salt 


Phenylmalonic acid prepared from the hydrolysis of methyl phenylmalonate, 
was purified by five recrystallizations from a mixture of ether and ligroin. 
It melted at 152-153° C. An aqueous solution of the acid was treated with 
rather less than one equivalent of sodium hydroxide. The solution was 
evaporated to dryness at a little above room temperature, and the slight 
excess of phenylmalonic acid extracted from the residue with ether. The 
sodium salt was washed repeatedly with dry ether. It melted at 184-188° C. 
with decomposition. A 0.001 M solution was prepared gravimetrically and 
the equivalent conductance determined. This value was taken as Aw for 
the salt, with Nat ion completely dissociated. Cell constant, 1.0105. Molar 
concentration, 0.001. Resistance; 9090. Equivalent conductance, 111.14. 
Aw (salt), 111.14. Aw (Nat), 48.82. Aw (anion), 62.32. Ae» (H*), 350.00. 
“. Aw (acid) = 62.32 + 350 = 412.32. 


TABLE IV 


CONDUCTANCE OF PHENYLMALONIC ACID 


Molar : Equiv. fas 
concentration Resistance conductance K Xx 10 
0.01 wr.o , * 169.10 2.85 
.008 691.0 182.75 2.82 
.005 956.0 211.40 2.70 
.004 1120.00 225.20 2.70 


Mean value K, 2.77 X 1073 


Reference 
1. MELDRUM, W. B. J. Phys. Chem. 15: 474-488. 1911. 
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STUDIES IN URETHANES 


VI. ACYL MONOURETHANES AND THEIR REACTIONS WITH 
AMMONIA AND AMINES! 


By STEWARD BASTERFIELD? AND MARGARET E. GREIG? 


Abstract 


The study of the action of ammonia and amines on acyl urethanes has been 
extended to urethanes of monobasic acids in order to determine whether the 
rule tentatively formulated with respect to the diurethanes (2, p. 361) holds 
for the monourethanes. The results reported here provide considerable evidence 
that the rule is broadly true, the tendency for formation of acid amides or ureas 
varying with the strengths of the acids and bases involved. 


The results of the study of the action of ammonia and primary amines on 
acyl-diurethanes as reported in previous papers (2, 3), suggested the extension 
of the investigation to the behavior of acyl monourethanes with the ammonia 
bases. Very little attention seems to have been paid to this type of reaction. 
Werner (5) has shown that strong aqueous ammonia at room temperature 
has no action on urethane and at 100° C. causes only a 10% conversion of 
urethane to urea in 20 hr., on account of the reversibility of the reaction, 
though it is also a well-known fact that urethane may be completely trans- 
formed into diphenyl-urea by heating with aniline at 150° C. for an hour. 

The literature showed only one account of the action of ammonia bases 
on acyl monourethanes, namely, a study of acetyl-lrethane by Young and 
Clark (6). They undertook the investigation of these reactions on the basis 
of a supposed analogy with the action of ammonia bases on acetoacetic ester. 
The latter forms two series of derivatives, the reaction being represented by 
the equations: 

1. CH;COCH:COOC:H; + NH:R — >» CH;C(NHR) : CHCOOC:H; + H,0. 
2. CHsCOCH;,COOC;H; + NH:R —» CH;CO.CH;CONHR + C;H,OH. 


Acetyl-urethane, if it behaved similarly should yield carbethoxy-amidines, 
and acetyl-ureas as follows: 


I. (2) CHs;CO.NHCOOC:H; + NH:R — > CH;C(NR)NHCOOC:H; + H:0. 
Il. (a) CHy;CO.NHCOOC;H; + NH:R —» CH;CO.NHCONHR + C;H,OH. 


Using ammonia and aniline as bases, they found that acetyl-urea and 
acetylphenyl-urea were generally formed, and under certain conditions, acet- 
amide and acetanilide. In no case were they able to isolate an amidine, 
although they explain the appearance of acetamide and acetanilide as being 
due to the hydrolysis of this hypothetical compound. It seems quite unneces- 
sary to invoke the aid of any such hypothesis to interpret the results of the 


1 Manuscript received March 6, 1933. 

Contribution from the Chemical Laboratories, University of Saskatchewan, Saskatoon, 
Canada. This paper is based on a thesis presented by ies aret E. Greig in partial ‘fulfilment of 
the requirements for the degree of M.A. at the Universit Saskatchewan. 

Professor of Organic Chemistry, University of salatsbouan. 

Graduate student, University of Saskatchewan. 
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reaction, and it would doubtless not have arisen except for the superficial 
structural resemblance of acetyl-urethane to acetoacetic ester. The carbonyl 
group of acetyl-urethane is not a ketone carbonyl, and would not be likely 
to function in the same way as the carbonyl group of the keto-ester. 


To gain more insight into the mechanism of this type of reaction and at 
the same time to observe the effect of the presence of substituent groups, 
the following compounds were chosen as suitable examples for-study: phenyl- 
acetyl and p-nitrophenylacetyl-urethanes; chlor- and bromacetyl-urethanes; 
benzoyl-, p- and m-nitrobenzoyl-urethanes. All these urethanes were readily 
prepared with the exception of the last named. m-Nitrobenzoyl chloride and 
urethane under a variety of conditions gave m-nitrobenzoyl-allophanic ester, 
m-nitrobenzoyl-carbethoxy-biuret, and another product probably a-8-di- 
(m-nitro-benzoyl)-allophanic ester, but no m-nitrobenzoyl-urethane. Attention 
was confined therefore to a comparison of results with benzoyl and p-nitro- 
benzoyl-urethanes. 


The details of the experiments performed are given below but the results 
may be summarized here. Chlor- and bromacetyl-urethanes are decomposed 
at room temperature by concentrated aqueous ammonia into chlor- and 
bromacetamides. ’ Ne ureas were obtained. With aniline at temperatures 
ranging from 100° to 190° C., the main products from both these urethanes 
were the same, viz., a-phenylglycyl-8-phenyl-urea, the halogen having been 
replaced by the phenylamino group. The effect of the halogen on the course 
of the ammonolysis at the higher temperature was thus completely offset. 


Phenylacetyl-urethane gave with aqueous ammonia and aqueous ethyl- 
amine at room temperature, phenyl-acetamide, and N-ethyl-phenylacetamide, 
respectively, as the main products, together with small quantities of the ureas. 
With aniline at 100° and 150° C., a-phenyl-8-phenylacetyl-urea was formed} 
at the latter temperature the yield was 92% of the theoretical. No phenyl- 
acetanilide or diphenyl-urea were detected at these temperatures after two 
hours’ heating. At 190° C. phenylacetanilide and diphenyl-urea were obtained 
almost quantitatively after two hours’ heating. The phenylacetyl-urethane 
thus behaves very similarly to the urethanes of succinic, glutaric, and adipic 
acids in giving as the first product a urea, which undergoes decomposition at 
the higher temperatures to yield the anilide (2). 

p-Nitrophenylacetyl-urethane showed very similar results except that the 
urea obtained by the action of aniline was less stable and underwent appreci- 
able decomposition at 150°C. during two hours’ heating. p-Nitrophenyl- 
acetanilide and diphenyl-urea were always obtained at this temperature, the 
amounts representing about 12% decomposition of the urea. Reference to 
the table of ionization constants (1, p. 448) shows that p-nitrophenylacetic 
acid has a constant about twice as large as that of phenylacetic acid. 

The comparison of benzoyl- and -nitrobenzoyl-urethanes showed marked 
differences in their behavior towards ammoniaand amines. Benzoyl-urethane 
with strong aqueous ammonia at room temperature gave mainly benzoyl-urea, 
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and with ethylamine under the same conditions benzamide and an oil which 
was apparently N-ethylethyl-urethane. This decomposition is unusual and 
resembles that of carbonyl-diurethane by ethylamine (3). With aniline at 
150° C. a quantitative yield of a-benzoyl-§-phenyl-urea was obtained, while 
at 190°C. benzanilide and diphenyl-urea were obtained, representing com- 
plete decomposition of the urea. 

p-Nitrobenzovl-urethane with ammonia gave p-nitrobenzamide. No urea 
was detected. With ethylamine the main product was N-ethyl-p-nitro- 
benzamide, a result quite in accordance with those obtained with phenyl- 
acetyl- and p-nitrophenylacety.-urethanes. With aniline at temperatures 
from 100° to 190°C. for a period of two hours, the same products were 
obtained, viz., p-nitrobenzaailide and diphenyl-urea, the yields being greater, 
of course, at higher temperatures. No intermediate formation of a urea was 
observed. Observations at lower temperatures were not made but it is 
evident that, if any urea is formed, it must be relatively unstable even at 
100° C. and must disappear quickly. The ionization constant of p-nitro- 
benzoic acid is about six times that of benzoic acid (1, Table I). 

It seems evident from these results that the mode of reaction of these 
urethanes with bases is definitely influenced by the nature of the acyl radical 
present as well as by that of the base, and lends further support to the quali- 
tative generalization arrived at in previous studies, namely, that with a 
given amine the tendency to amide as compared with urea formation is more 
marked with urethanes containing acyl radicals of stronger acids, while with 
a given urethane the amide formation occurs more readily with the stronger 
bases. It is not suggested that this is the only factor which determines the 
mechanism of reaction, but that it is a prominent one seems beyond question. 
There are doubtless other factors affecting the stability of the ureas that are 
formed as intermediate products in many of these reactions, and it is hoped 
that studies being carried on in this laboratory will throw light on these. 


It is an interesting fact that while urethane itself undergoes little or no 
change when left in contact with strong ammonia at room temperature, the 
acyl urethanes are converted into ureas or amides to a considerable extent. 
If Werner's idea of the mechanism of urea formation from urethane is correct, 
it would imply that the acyl urethanes are appreciably dissociated at room 
temperature into an “acyl isocyanide’”’ and alcohol, and that the formation 
of acyl ureas by this reaction is not markedly reversible. 

One other feature of these reactions is worthy of note. Although aqueous 
solutions of both ammonia and ethylamine behave as bases of the water 
system, and to some extent bring about hydrolysis of the compounds studied 
here, they display ammonolytic properties much more conspicuously than do 
alcoholic solutions of the same bases. In other words water appears to catalyze 
the process of ammonolysis. In alcoholic solutions of the bases, alcoholysis 
of the urethanes occurred to some extent, with the production of esters. 
These points are best illustrated in the sections on phenylacetyl- and 
p-nitrophenylacetyl-urethanes in the experimental part. 
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Experimental 


PREPARATION OF ACYL MONOURETHANES 


1. Chloracetyl-urethane, C1ICH,CO.NHCOOC;H;. Equimolecular proportions 
of chloracetyl chloride and urethane were heated together on a water bath 
until the evolution of hydrogen chloride had ceased. The product was 
recrystallized from alcohol; m.p., 129° C. 


2. Bromacetyl-urethane. BrCH:CO.NHCOOC;H;. This was prepared in a 
similar manner to the above; m.p., 119° C. The yields in both cases were 
low, about 35% of the theoretical. Allophanic ester was a by-product. 


3. Phenylacetyl-urethane, CsHs;CH2.CONHCOOC;Hs. This urethane was pre- 
pared by the method of Basterfield, Woods, and Whelen (3). 

4. p-Nitrophenylacetyl-urethane, NOxCsHs,CH2CO.NHCOOC,Hs. In the first 
attempt to prepare this urethane, p-nitrophenylacetic acid, and urethane in 
equimolecular proportions were heated with an excess of phosphorus oxy- 
chloride at 90° C. for two hours with constant stirring. A small yield of the 
urethane resulted, and a considerable amount of a compound probably 
p-nitrophenylacetyl-allophanic ester: m.p., 190° C. Caled. N, 14.23. Found: 
14.8%. Better results were obtained by first preparing the acid chloride. 


p-Nitrophenylacetic acid was heated with an excess of thiony! chloride for 
10-12 hr. at 60° C. On cooling the mixture the acid chloride crystallized out. 
After washing with ligroin it melted at 49°-50° C. and was obtained in quanti- 
tative yield. 


When the acid chloride was heated with urethane at 100° C. for about 
ten hours, the acyl urethane was obtained in 90% yield. It was recrystallized 
from alcohol; m.p. 175° C. Caled. for CyHiz2N205; N, 11.20. Found: N, 
10.97, 11.30%. 

5. Benzoyl-urethane, CgHs;CO.NHCOOC.H;. When benzoyl chloride and 
urethane were heated together without a solvent at 100° C. only benzoylallo- 
phanic ester was obtained (m.p. 175° C.). Using the method of Pechmann 
and Vanino (4), in which pyridine is introduced into the reaction mixture, 
a mixture of acyl urethane and allophanic ester was obtained; yield of benzoyl- 
urethane, 42% (m.p., 111° C.). 

6. p-Nitrobenzoyl-urethane, NO..CeH,.CO.NHCOOC;H;. Equimolecular pro- 
portions of p-nitrobenzoyl chloride and urethane in benzenewere refluxed until 
no further evolution of hydrogen chloride took place; yield, 60%. p-Nitro- 
benzoyl-allophanic ester was also formed in varying amounts. The great 
instability of the urethane renders its purification difficult; m.p., 152° C. 
Calcd. for CyoHioN20s5; N, 11.7. Found: N, 11.3, 11.3%. 

It is decomposed by heating in alcohol solution, with the production of 
p-nitrobenzoyl-allophanic ester; m.p., 194° C. Calcd. for CiHnNsO¢; N, 
14.93. Found: N, 14.57, 14.79%. 

7. .m-Nitrobenzoyl-urethane. m-Nitrobenzoyl chloride and urethane in equi- 
molecular proportions were heated on a water bath without a solvent for 
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several days. A substance melting at 128° C. was obtained. It was apparently 
m-nitrobenzoyl-allophanic ester, NO,.CsH,. CONHCONHCOOC3H;. Caled. 
for CuHuNzO6; N, 14.93. Found: N, 14.90, 14.90%. 

During the recrystallization of this compound from alcohol, it was partly 
converted into a substance melting at 140° C., probably m-nitrobenzoyl- 
carbethoxy-biuret, NO..CsH,;CONH.CONH.CONH.COOC2H;. Caled. for 
CyHy»N,O;; N, bye Found: N, 17.49, 17.41%. 

When the acid chloride and urethane were refluxed in benzene still another 
compound was obtained, melting after recrystallization from alcohol; m.p., 
164° C. Found: N, 14.2%. The only substance that seems to have the 
required nitrogen content is a-§-di-(m-nitrobenzoyl)-allophanic ester, NO,:. 
CsH,.CO.NH.CO.N(COC,H4NO,).COOC2Hs. Caled. N, 14.0%. 

No m-nitrobenzoyl-urethane was obtained and lack of time prevented any 
further investigation of the above compounds. 


ACTION OF AMMONIA AND AMINES ON ACYL MONOURETHANE 


1. Chloracetyl-urethane 

(a) Action of ammonia. The urethane was allowed to stand in contact with 
alcoholic ammonia at room temperature for one week. A 92% yield of chlor- 
acetamide; m.p. 116° C. was obtained. 

(b) Action of aniline at 100°, 150°, and 190° C. Chloracetyl-urethane (2 gm.) 
was treated with five molecular proportions of aniline for two hours at these 
temperatures. The semisolid mass was washed with ether and recrystallized 
from alcohol. The same product was obtained in all the experiments: maxi- 
mum yield, 14 gm.; m.p., 195° C. Found: N, 15.57%. No halogen was 
present. The compound was apparently a-phenyl-glycyl-8-phenyl-urea, 
CsHsNHCH:CO.NHCO.NHCG,H; (N, 15.61%). It was evident that at 
these temperatures the halogen of the urethane reacted with aniline. This 
is supported by the fact that bromacetyl-urethane was found to yield the 
same product. 


2. Phenylacetyl-urethane 


(a) Action of ammonia. Phenylacetyl-urethane (2 gm.) was allowed to stand 
in contact with strong ammonia solution for one week. The solid residue, 
after evaporation of the ammonia at room temperature, melted at 145° C. 
The substance was recrystallized from alcohol, and separated into two parts, 
the more insoluble being phenylacetyl-urea (m.p. 209° C.). Yield, .6 gm. 
The other fraction consisted of phenyl-acetamide: m.p., 152° C.; yield, 76%. 

In alcoholic ammonia solution the reaction was very slow, the bulk of the 
urethane being unchanged after a week. A small quantity of phenylacetamide 
was obtained. 


(b) Action of ethylamine. Phenylacetyl-urethane (2 gm.) was mixed with 
excess of aqueous ethylamine (17%), and allowed to stand for one week at 
room temperature. The liquid was evaporated and a waxy solid remained. 
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From this by extraction with ligroin was obtained mainly N-ethyl-phenyl- 
acetamide, CsHs;CH2zCO.NHC2Hs, m.p. 75° C. Caled. for CioH;;NO; N, 
8.58. Found: N, 8.44%. A very small amount of a substance melting at 
156° C., probably a-phenylacetyl-6-ethyl-urea, CsH;CHsCONHCONHC;H;, 
was also isolated. Calcd. for CyjHi4N2O2; N, 13.5. Found: N, 13.0%. 

(c) Action of aniline. (i) At 100° C. Phenylacetyl-urethane was slowly con- 
verted by aniline into a-phenyl-8-phenylacetyl-urea, CsH;,NHCO.NH. 
COCH2C.H;; m.p., 165° C.; yield, 66%, after three hours’ heating. 

(ii) At 150° C. Two hours’ heating (one molecular proportion of urethane 
to five of aniline) gave a 92% yield of a-phenyl-8-phenylacetyl-urea. There 
was no diphenyl-urea or phenyl-acetanilide found at this temperature in any 
experiment. 

(iii) At 190° C. Two hours’ heating of the usual reaction mixture brought 
about an almost complete transformation of the urethane into phenyl-acet- 
anilide and diphenyl-urea. That the decomposition involved the initial 
formation of the phenylacetylphenyl-urea was shown by heating the latter 
obtained at 150° C., with additional aniline to 170° C., when it was rapidly 
changed to diphenyl-urea and phenyl-acetanilide. These two compounds 
were identified by means of mixed melting point determinations with known 
samples. 


3. p-Nitrophenylacetyl-urethane 

Action of aqueous ammonia. The urethane was allowed to stand in con- 
centrated aqueous ammonia solution for one week. A crystalline solid 
separated; m.p., 181° C. This was resolved by recrystallization from hot 
alcohol into two products. The first melted at 235° C. and proved to 
be p-nitrophenylacetyl-urea, NO.CsHs;CH2CO.NH.CONH2. Caled. for 
CyHgN;0,; N, 18.83. Found: N, 19.04%. 

The second was p-nitrophenyl-acetamide, NOsCsHs;CH:,CONH2; m.p., 
191° C.; yield, 85%. Calcd. for CsHsN20;; N, 15.5. Found: N, 15.5%. 

Action of alcoholic ammonia. The urethane was left in contact with weak 
alcoholic ammonia (6%) for one week. A 28% yield of p-nitrophenyl-aceta- 
amide was obtained, together with a small amount of ethyl p-nitrophenyl- 
acetate, m.p. 69° C. Caled. for CioHi:NOs: N, 6.69. Found: N, 6.49, 
6.53%. The formation of the ester is interesting as indicating an alcoholysis 
of the urethane, as well as an ammonolysis. A good part of the urethane was 
recovered unchanged. 

Action of aqueous ethylamine. A sample of the urethane was heated with 
an excess of aqueous ethylamine (17%) and left for a week at room temper- 
ature. The mixture darkened and a solid separated (m.p., 155° C.). Re- 
crystallization did not change the melting point. The substance was N-ethyl- 
p-nitrophenyl-acetamide (NO2,CsHs,CH2,CONHC2Hs); yield, 60%. Calcd. for 
CyoH2N203; N, 13.46. Found: N, 13.23, 13.35%. 

Action of alcoholic ethylamine. For comparison with the action of alcoholic 
ammonia an experiment was made using alcoholic ethylamine (6%). In one 
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week the only product obtained was ethyl p-nitrophenyl-acetate in 37% 
yield. There was no amide formation. When the experiment was carried 
out over intervals of two or three days, there was no evidence of amide forma- 
tion. Varying amounts of the ester alone were isolated. 


It is evident that ammonolysis by ethylamine is catalyzed by water, since 
amide formation took place in the aqueous solution and not in the alcoholic. 


Action of aniline. (i) At 100° C. There was no appreciable reaction after 
two hours’ heating. This is in rather striking contrast to the behavior of 
phenylacetyl urethane. 


(ii) At 150° C. Experiments at this temperature were repeated many 
times, and the yields of the different products carefully checked. Diphenyl- 
urea and p-nitrophenyl-acetanilide were always obtained in small quantity 
in two hours’ heating, along with p-nitrophenylacetyl-phenyl-urea. These 
results definitely point to the latter compound being less stable at this 
temperature than the phenylacetyl-phenyl-urea. The following is a typical 
experiment: the urethane (4 gm.) was heated with aniline (7.4 gm.) for 
two hours in an oil bath at 150° C. The semisolid mass was washed with 
ether. The ether washings contained both diphenyl-urea (m.p. 236° C.) and 
p-nitrophenyl-acetanilide, m.p. 198° C. Calcd. for CisHizN2O3; N, 10.90. 
Found: N, 10.63, 10.84%. The residue after washing with ether was 
recrystallized from hot alcohol. The greater portion consisted of a-p-nitro- 
phenylacetyl-8-phenyl urea, NO.CsH,.CH:;CO.NH.CO.NH(C,Hs, m.p. 220° C. 
Calcd. for CjsHisN203; N, 14.05. Found: N, 13.73%. A further quantity 
of p-nitrophenyl-acetanilide was also obtained. Yields: a-p-nitrophenyl- 
acetyl-8-phenyl-urea, 4.0 gm. (80%); p-nitrophenyl-acetanilide, 0.5 gm. 
(12%); diphenyl-urea, 0.4 gm. (12%). 


(iii) At 190° C. There was complete decomposition of the urethane into 
p-nitrophenyl-acetanilide and diphenyl-urea. 


4. Benzoyl-urethane 


Action of ammonia. Benzoyl-urethane was treated with concentrated 
aqueous ammonia for three days at room temperature. An insoluble crystal- 
line substance separated rapidly. After recrystallization from alcohol it 
melted at 215° C. It was identified as benzoyl-urea, CsH;CONHCONHsg. 
Yield, 63%. 


Action of ethylamine. Benzoyl-urethane was left in contact with aqueous 
ethylamine (17%)for one week at room temperature. The clear solution 
was evaporated at the same temperature, and a residue of oil and crystals 
obtained. The oil was taken up in chloroform and the extract distilled. 
After the chloroform had evaporated, the oil distilled mainly at 175° C. It 
was apparently N-ethyl-urethane, C,H;NH.COOC:Hs, since it yielded 
ethylamine on being hydrolyzed with sodium hydroxide. The crystalline 
substance melted, after recrystallization from alcohol, at 129° C. and was 
identified by a mixed melting point determination as benzamide. 
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This decomposition is similar to that of carbonyl-diurethane by ethylamine 
(3), ammonolysis removing the carbethoxy group and not the whole urethane 
group. 

Action of aniline. (i) At 100° and 150° C. Benzoyl-urethane was heated 
with five molecular proportions of aniline for two hours. At 100° C. an 
insignificant amount of a-benzoyl-8-phenyl-urea, (m.p. 206° C.) CsH;CO.NH. 
CO.NHC,Hs, was obtained, but at 150° C. the yield was 98%. Calcd. for 
CisHiz2N2O2: N, 11.60. Found: N, 11.39%. 


(ii) At 190° C. After two hours’ heating, dipheayl-urea and benzanilide, 
m.p. 160° C., were obtained in approximately 95% yield. The benzanilide 
was identified by a mixed melting point determination. 


5. p-Nitrobenzoyl-urethane 


Action of ammonia. The main product after action for one week was 
p-nitrobenzamide, m.p. 189° C. Calcd. for C7;HgN20;: N, 16.0. Found: N, 
15.92, 15.99%. 


Action of ethylamine. After one week’s action an insoluble product was 
filtered off, and recrystallized from alcohol. It was apparently N-ethyl-p- 
nitrobenzamide, NO,.CsH,. CONHC,Hs;; m.p., 149° C. Caled. for CsHioN20;: 
N, 14.43. Found: N, 14.09%. 


Action of aniline at 100°, 120°, 150° and 190° C. At each of these temper- 


atures after two hours’ heating the same products were obtained, viz., diphenyl- 
urea, and p-nitrobenzanilide, m.p. 212° C. No intermediate formation of 
p-nitrobenzoylphenyl-urea was detected. It is evident that the NO, group 
has a very marked effect on the mode of reaction of the urethane, the tendency 
to amide formation being so strong that either the urea formation is com- 
pletely eliminated, or the intermediate urea is so unstable that it is immedi- 
ately decomposed even at 100° C. Although the second alternative seems 
highly improbable, it has not been definitely ruled out by experiment. 
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STUDIES IN ISOUREAS AND ISOUREIDES 
III. THE IONIZATION CONSTANTS OF SOME ISOUREAS' 


By STEWARD BASTERFIELD? AND J. W. TOMECKO® 


Abstract 


The ionization constants of seven isoureas have been measured. The values 
for simple alkyl isoureas increase definitely from methyl to m-propyl, the 
n-butyl-isourea showing no further increase. Isobutyl-isourea has a decidedly 
greater constant than the n-butyl compound. Introduction of the phenyl 

roup into ethyl-isourea lowers the value of the constant as would be expected. 

he presence of a double bond in the radical also produces a similar effect as 
shown by a comparison of the values for n-propyl- and allyl-isoureas. Cyclohexyl- 
isourea has a constant slightly higher than those of m-propyl and n-butyl- 
isoureas. Some comparison with a series of primary amines is made. 


Methyl- and ethyl-isoureas were first prepared by Stieglitz and his collab- 
orators (3,4), and the ionization constants of the two bases were measured by 
Bruce (3). The values were considerably larger than that of ammonia, the 
ethyl compound being a rather stronger base than the methyl (See Table I). 


Recently a series of new isoureas has been prepared in this laboratory 
(1, 2) and the present study deals with the determination of the ionization 
constants of some of these by the conductance method, 


Since the free isoureas are too feebly ionized for the direct determination 
of values of Aw, the latter were determined by the principle of Kohlrausch 
from Aw for salts of the bases. With the exception of cyclohexyl-isourea, of 
which the hydrochloride was prepared, the bases were converted into the 
salicylates which are well crystallized salts of good conducting power.* 


To obtain Aw for these, the equivalent conductances were plotted against 
the square root of the concentrations and extrapolated to infinite dilution. 
Aw for the isourea ions was then calculated from Kohlrausch’s law, and hence 
Ae for the bases. Values of A for a series of solutions of the free bases were 
measured and substituted in Ostwald’s dilution formula, 


A?.¢ jk 
Aw (Aw —A) . 

In Table I are given the ionization constants of the isoureas, and for 
comparison the constants of primary amines containing the same radicals, 
so far as these are available. 


1 Manuscript received March 6, 1933. , 


C Contribution from the Chemical Laboratories, University of Saskatchewan, Saskatoon, 
‘anada. 


2 Professor of Organic Chemistry, University of Saskatchewan. 
3 Graduate student, University of Saskatchewan. 
*The hydrochlorides of the isoureas which are first obtained in the preparation of these compounds, 


are mostly hygroscopic semicrystalline masses very difficult to purify (1, p. 264). A paper on the 
preparation and identification of some new isoureas will be published shortly. 





IONIZATION CONSTANTS OF SOME ISOUREAS 
TABLE I 


IONIZATION CONSTANTS OF ISOUREAS AND PRIMARY AMINES 
Isoureas K X 10*| Primary amines**| K X 10* Primary amines**| K X 104 


Methyl* ; Methyl : ‘ 

Ethyl* ; Ethyl ; n-Butyl ; (Sec.-butyl) 
Pheny!methy] i Isobutyl , Isobutyl 

Phenylethyl 

n-Propyl i n-Propyl Fe Isoamyl ‘ Isoamyl 


Cyclohexyl 


*Measurements by Bruce (3, p. 457 ). 

**Values for amines are taken from International Critical Tables and Landolt-Bérnstein 
Tabellen. Where two values are given for an amine the higher value is that given by the latter 
authority. 


It is apparent that, on the whole, the aliphatic primary amines are con- 
siderably stronger bases than the alkyl isoureas. The effect of the introduction 
of the phenyl radical or of a double bond into the alky] radical in diminishing 
the ionization constant is, however, very much greater in the amines than in 
the isoureas. So much so that phenylmethylamine is actually a weaker base 
than phenylethyl-isourea, while allyl-isourea and allylamine show almost 
identical values for their ionization constants. The ionization constants of 
phenylethylamine, -butylamine, and 
cyclohexylamine are not recorded in 
the literature. 


Experimental 


The salts of the isoureas were crys- 
tallized several times from alcohol 
and series of solutions of different 
concentrations were made _ gravi- 
metrically. Values of Aw for the 
different salts were determined as 
indicated in the preceding section. 
The conductance curves for the 
salts examined are shown in Fig. 1. 
The free isoureas were prepared 
by treating the salts, suspended in 
moist ether, with four molecular 
proportions of powdered potassium 
hydroxide. The ethereal solutions 
of the bases were filtered and dried 
over anhydrous sodium sulphate. Fic. 1. Conductance of isourea salts. 
_ removal of the ether, the {iim erica solseslote. 3, a-Propye. 
ases were dried as completely as tsourea salicylate. 4, Isobutyl-tsourea sali- 
possible ina vacuum over concentra- “ale. _ 5, Allyl-isourea salicylate. 6, Iso- 


. 7 b= 4 alicylate. 7, Cyclohex 
ted sulphuric acid and powdered leoures hydvechieride. ” ' 
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potassium hydroxide. With the exception of cyclohexyl-isourea, which was 
obtained as a solid of low melting point, the bases were oils. Previous 
experience had shown that the free isoureas are too sensitive to heat, to be 
purified even by vacuum distillation, so that no other purification was possible 
except what was involved in the repeated recrystallization of the salts, and 
the use of pure reagents. The bases are exceedingly hygroscopic, so that 
accurate concentrations of solutions for conductance measurement could not 
be obtained gravimetrically. Solutions made gravimetrically were standard- 
ized by titration with N/50 hydrochloric acid, using methyl red as indicator. 

All conductance measurements were made in a thermostat at 25° + .01°C. 
The cell constant was measured in the usual way using pure potassium chloride 
as electrolyte. Its value for the series of measurements of phenylethyl-isourea 
was 1.0227. For the measurements of all the other isoureas it was 1.0105. 
The conductance of the water used in the preparation of solutions was 
0.3 X 10 mhos. 


The data of these experiments are recorded below. 


1. n-Propyl-tsourea 


TABLE I TABLE II 


CONDUCTANCE OF n-PROPYL-ISOUREA SALICYLATE CONDUCTANCE OF 1-PROPYL- 
(m.P. 146° C.) ISOUREA 


Molar Equivalent Molar Resist- | Equivalent 


. con- 
concentration conductance : ance 
centration 


0.01 $5.81 0.01195 
-005 61.41 -00597 
-0025 64.00 -00370 
-0010 67.22 -00185 
-0000 67.80 


Aw salt =67.80 Awanion*=34_ .. Aw cation=33.8 K = 1.43 xX 10 
Ao OH =196_». Aw isourea = 196+33.8 =229.8 


*Value for salicylate ion: International Critical Tables. 


2. n-Butyl-isourea 


TABLE III TABLE IV 


‘CONDUCTANCE OF W-BUTYL-ISOUREA SALICYLATE CONDUCTANCE OF n-BUTYL- 
(m.P. 160° C.) ISOUREA 


Molar Equivalent : Equivalent 
concentration conductance ‘ conductance 


0.01 56.35 ‘ 1770 
-0025 61.98 . 2640 
-0010 65.78 ‘ 3420 
.0000 66.50 : 4070 


Aw salt 66.50 Aw anion 34 .. Aw cation 32.50 K = 1.40 xX 10“ 
Aw OH” 196. Aw isourea = 196+4+32.50 = 228. 50 





IONIZATION CONSTANTS OF SOME ISOUREAS 


3. Isobutyl-isourea 


TABLE V 


CONDUCTANCE OF ISOBUTYL-ISOUREA SALICYLATE 
(M.P. 164.5° C.) 


Molar ‘ Equivalent 
J Resistance 
concentration conductance 


Aw salt 70.00 Aw anion 34 


“. Aw cation 36.00 
Aw OH 196 


-. Aw isourea = 196+36.00 = 232.00 


4. Isoamyl-isourea 


TABLE VII 


CONDUCTANCE OF ISOAMYL-ISOUREA SALICYLATE 
(mM.P. 155° C.) 


Molar a Equivalent 
‘ Resistance a 
concentration conductance 


Aw salt 75.20 Aa anion 34.00 


.. Aw cation 41.20 
Aw OH 196 


“. Aw isourea = 196441 .20 =237.20 


5. Allyl-isourea 
TABLE IX 


CONDUCTANCE OF ALLYL-ISOUREA SALICYLATE 
(M.P. 168° C.) 


Molar : uivalent 

‘ Resistance Eq 

concentration conductance 
‘ 


60.25 
63.42 
66.25 


70.10 
-0000 70.80 


Aw salt 70.80 Ao anion 34.00 


“. Aw cation 36.80 
Aw OH™ 


“. Aw isourea = 196436. 80 =232.80 


TABLE VI 


CONDUCTANCE OF ISOBUTYL- 
ISOUREA 


Molar 
con- 
centration 


Resist- | Equivalent 
ance conductance 


0.02476 
01095 


- 00609 
-00476 


K = 2.00 X 10-¢ 


TABLE VIII 


CONDUCTANCE OF ISOAMYL- 
ISOUREA 


Molar 
con- 
centration 


Resist- | Equivalent 
ance conductance 


K = 1.30 X 10“ 


TABLE X 


CONDUCTANCE OF ALLYL- 
ISOUREA 


Resist- | Equivalent 
ance | conductance 


Molar 


0.02823 
-01410 
-00941 
-00706 


K =5.05 X 10> 
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6. Phenylethyl-isourea 


TABLE XI 


CONDUCTANCE OF PHENYLETHYL-ISOUREA SALICY- 
LATE (M.P. 158° C.) 


Molar Equivalent 


. Resistance 
concentration conductance 


Ao salt 63.40 Aawanion34.00 .. Aw cation 29.40 
Aw OH 196». Aw isourea = 1964+29.40 =225.40 


7. Cyclohexyl-isourea 


TABLE XIII 


CONDUCTANCE OF CYCLOHEXYL-ISOUREA HYDRO- 
CHLORIDE (M.P. 168° C.) 


Molar Equivalent 
concentration conductance 


Ae salt 105.40 Aw CI- 75.90. Aw cation 29.50 
Aw OH 196 +. Aw isourea =196-+29.50=225. 50 


References 


TABLE XII 


CONDUCTANCE OF PHENYLETHYL- 
ISOUREA 


Molar 
con- 
centration 


Resist- | Equivalent 
ance | conductance 


K = 6.23 X 10° 


TABLE XIV 


CONDUCTANCE OF CYCLOHEXYL- 
ISOUREA (M.P. 80° C.) 


Molar 
con- 
centration 


Resist- | Equivalent 
ance | conductance 


0.020 
-010 
-008 
-004 


K = 1.56 X 10“ 


. BASTERFIELD, S. and PowEtt, E.C. Can. J. Research, 1 : 261-272. 1929. 
. BASTERFIELD, S., RODMAN, F. B. and Tomecxo, J. W. Unpublished results. 


. Bruce, W. M. J. Am. Chem. Soc. 26 : 447-464. 1904. 
. McKee, R.H. Am. Chem. J. 26 : 209-264. 1901. ° 
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DIFFUSION OF HELIUM THROUGH QUARTZ : RELATION 
TO TEMPERATURE! 


By E. F. Burton,? E. O. BRAATEN,? AND J. O. WILHELM‘ 


Abstract 


A qualitative study of the diffusion of certain gases through quartz has been 
made for ordinary temperatures and pressures. 

A nearly linear relation was found to exist between diffusion and pressure 
for constant temperature and a form of the equation satisfying the experimental 
results suggested. Temperature-diffusion curves were obtained and a com- 
parison made to previous work. Permeability to helium of single quartz crystal- 
line plates is independent of the direction in which the plate has been cut, but is 
only about one-half the value of that of fused quartz bulbs or plates. 


Introduction 


Considerable work has been done on the measurement of the passage of 
various gases into or through solids at high temperatures; in particular the 
curious action of quartz towards helium and other gases has received a good 
deal of attention. 

In 1900 Villard (11) found that silica glass was permeable to hydrogen at 
high temperatures; a little later Jacquerod and Perrot (2) observed that 
helium leaked out of a thermometer. Since then many workers have obtained 
both qualitative and quantitative results for the sorption of gases, both by 
glass and metals. Mayer (6) observed the leakage of hydrogen, nitrogen, 
and oxygen through quartz at high temperatures and for three different 
pressures. Richardson (7) and also many others (3, 8, 12, 13, 14) studied the 
passage of hydrogen and helium through different kinds of glass. In recent 
work by T’sai and Hogness (10) rates of diffusion, between 180° and 955° C., 
were obtained for helium passing through quartz and, from 520° to 980° C., 
for neon, also through quartz. In general it has been found that the rate of 
diffusion is directly proportional to the pressure and an exponential function 
of the temperature (4, 9). 

Baxter and Starkweather (1) and McLennan and Wilhelm (5) found that 
diffusion of helium through quartz takes place also at ordinary temperatures 


and at low temperatures. 
Experimental 


The work reported in this paper was undertaken in order to investigate 
carefully and quantitatively the following :— 

(1) the diffusion of different gases through quartz at ordinary temperatures; 
(2) the variation in the diffusion of helium through quartz with pressure, at 
constant (room) temperature; (3) the variation in the diffusion of helium 
through quartz with temperature at Constant (atmospheric) pressure; (4) the 
diffusion of helium through crystalline plates of quartz, and a plate of fused 
quartz at normal pressure and temperature. 

1 Manuscript received April 3, 1933. 
Contribution from the Physical Laboratories, University of Toronto, Canada. 
of tue of the Department of Physics and Director of the McLennan Laboratory, University 


3 Holder of a Graduate Fellowship in the Graduate School of the University of Toronto. 
4 Technical and Research Assistant in the Department of Physics, University of Toronto. 
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Apparatus and Procedure 


Although helium gas passes fairly readily through crystalline quartz, fused 
quartz and Pyrex glass, it is not able to pass through ordinary soft glass to 
any noticeable extent. Consequently the general method adopted in these 
experiments was to maintain a pressure of helium gas inside a quartz bulb 
which was sealed into an outer chamber of soft glass. 

Fig. 1 shows the arrangement 
provided for mounting the fused 
quartz bulb as used in most of 
the experiments. The quartz con- 
tainer had a total area of 207 sq. 
cm., the bulb part measuring 3-0 
cm. in diameter and 0-80 mm. thick, 

To Mcleod Sauge the neck 1-80 cm. in diameter and 
1-36 mm. thick. The quartz tube 
was fitted with a wax-sealed ground 
glass joint into a soft-glass container 

ict which was connected to a McLeod 
Yoarneccants gauge and diffusion pump. The 
quartz bulb was kept filled with 
helium at a given pressure and the 
soft-glass chamber initially pumped 
out to a low pressure. Several 
investigators have shown that the dif- 
fusion of helium through soft glass 
is small, even for high temperatures, 
so that losses of helium from the low 
pressure system were negligible. 

The thickness of the quartz was obtained by three methods: (a) by 
the method of volumes, e.g., the difference between the volume displaced 
on submerging the bulb in a liquid and the volume required to fill the 
bulb would give the average thickness when divided by the total area; 
(b) by weight, assuming the density of quartz as 2-2; (c) with a micro- 
scope by focusing on the inner. and outer surfaces and correcting for 
the apparent decrease in thickness due to refraction. The three methods 
checked very well. 

Fig. 2 gives the arrangement for a plate of crystalline quartz. Two different 
plates were obtained from a large single crystal, one cut parallel to, the other 
perpendicular to, the optic axis. Each was 3-5 cm. in diameter and 1-80 
mm. thick. The surfaces were ground with very fine emery and slightly 
polished with rouge. A small fused quartz plate of the same thickness and 
2-5 cm. in diameter, and having received the same surface treatment was 
also investigated. 

Red sealing wax was used for sealing the quartz to the soft glass containers. 
The pressure was measured on a McLeod gauge which could be read to 


Fic. 1. Apparatus used for quartz bulb. 
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0-1 10-4 cm. of mercury and a thermostat control served to maintain 
an oil bath at the required temperature. The temperature of the gas 
was measured with a thermocouple inside the quartz bulb. 

The low pressure system into which the gas diffused ,  Sesinier 
was first thoroughly evacuated and tested for leaks. 

The high pressure side was then pumped out and filled 

with helium to the required pressure, after first washing 

this high pressure side of the system two or three times 

with that gas. Readings were continued at a definite 

temperature and pressure until a constant rate of Quartz Plate 
increase in pressure was observed, which in some cases 
took several days. 

The rate of diffusion was obtained by calculating 
the number of cubic centimetres of gas diffusing through 
per hour per unit surface of wall 1 mm. thick, for a 
difference in pressure of one atmosphere. Since the 
temperature was not the same over the whole low 
pressure system corrections were made. This was easily 
done by removing the bath and bringing the entire 
system to room temperature. The two corresponding 


readings of the pressure gave the correction factor. To Mcleod Gage 
Fic. 2. Apparatus 
used for quarts plates. 


Soft Siass 


Results 
1. The rates of diffusion of air and the two inert gases, neon and argon, 
were too small to be measured at ordinary temperatures, while the rate for 


hydrogen was just observable. 
TABLE I 


RELATION BETWEEN THE DIFFUSION RATE OF HELIUM GAS AND THE PRESSURE AT CONSTANT 
TEMPERATURE (21° C.) 


Pressure, cm. (p) : 59-0 38-6 19-2 
Rate of diffusion 10* (v) . 17-05 10-76 4-98 


2. In Table I are recorded the re- 
sults showing the relation between 
the diffusion rate of helium gas and 
the pressure at constant temperature 
(21° C.); the apparatus is that shown 
in Fig. 1. In Column 2 the rate of 
diffusion is calculated in cc. per hour 
per sq. cm. surface of quartz per 
mm. thickness. 

The curve in Fig. 3 shows graphic- 
ally the relation between rate of dif- 
fusion and pressure. The equation 


V = Rote of Dittusion x10 cc. 


so 
Pressure p- ém Ng 
_Fic. 3. Curve showing relation between diffu- ; 
ston and pressure at constant temperature. v = kip + kop’ represents the curve, 


where k; = 0-15 and ky = 0-0007. 
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II 





VARIATION OF RATE OF DIFFUSION OF HELIUM THROUGH QUARTZ WITH CHANGE IN TEMPERATURE 
FROM +110° to —185° C. AT ATMOSPHERIC PRESSURE 














Temp., K{ Rate of diffusion 
78 0-87 X 10-6 
195 2-31 
232 5-02 
253-5 7-55 
273 13-38 
294 23-0 
383 121-6 





ace 


Burton, Braaten and Wilhelm 


Log (rate) 











—6-0605 
—5-7100 
—5-2993 
—5-1221 
—4-8727 
—4-6383 
—3-9151 


Temperature “Absolute 
pe 


Fie. 4. 


and temperature at constant pressure. 


| 

| 

| 
See 


Temp., °K| Rate of diffusion 


453 
583 
713 
808 
858 
923 
1043 
1153 


Curve showing relation between diffusion 


1228 


T’sai and Hogness 





Log (rate) 


300-0 1076 —3-523 
900 —3-046 
2,100 —2-678 
3,306 —2-482 
4,200 —2:-377 
5,100 —2-293 
7,200 —2-143 
9,400 —2-027 
— 1-947 





3. The results showing the 
variation of the rate of diffu- 
sion of helium through quartz 
with change in temperature from 
+110° to —185° C. at atmo- 
spheric pressure are recorded in 
Table II and illustrated graph- 
ically in Figs. 4 and 5. It will 
be apparent from the figures 
that a sudden increase in the 
rate of diffusion sets in at about 
—30° C. as we proceed up- 
wards from the lowest temper- 
atures; the rate then continues 
to increase more rapidly with 


. . —~ § . 
increasing temperature. In Fig. 5 the temperature was plotted against the 


logarithm of rate of diffu- 
sion. As a means of com- 
parison the results of other 
investigations were plotted 
on the same graph with 
the same scale. After the 
sudden increase in perme- 
ability at —30°C., it then 
continued to increase 
rapidly for higher temper- 
atures according to an 
exponential law up to 80° 
or 90° C. Williams and 
Ferguson found an 
exponential law for high 
temperatures while an ex- 


Logerithm of Mate of Dittusion 
‘ . 


S75) 
“6.0 


a tod 
“22s 


x 
uw 
° 


| 
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% 100 1S 


Fic. 5. 
temperature. 
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trapolation of the authors’ results fits in well with the work of T’sai and Hogness. 
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4. Diffusion through ground plates of quartz. 


In order to find whether there is a difference between fused and crystalline 
quartz, measurements were made on three ground plates of quartz, as follows 
(see Fig. 2): (1) A crystalline plate, 3-5 cm. in diameter and 1-85 mm. in 
thickness, cut perpendicular to the optic axis; (2) A crystalline plate 3-5 
cm. in diameter and 1-79 mm. in thickness, cut parallel to the optic axis; 
(3) A fused quartz plate ground similarly to the others, 2-5 cm. in diameter 
and 1-75 mm. in thickness. 


The resulting rates of diffusion were as follows: (1) 11-8 X 10- cc. per 
hour per sq. cm. per mm. thickness; (2) 12-1 X 10-* cc. per hour per sq. cm. 
per mm. thickness; (3) 28-3 X 10-*cc. per hour per sq. cm. per mm. thickness. 

It is interesting to note that the fused quartz ground plate gave only a 
slightly greater rate than the fused quartz bulb with smooth transparent 
surfaces; also, that the rates for the crystalline plates are independent of the 
direction in which the plate is cut and is only about one-half the value for 
fused quartz. 


These results give rise to interesting theoretical speculations which will be 
reserved for a future paper, when further experiments have been performed. 
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A REVIEW OF CANADIAN HELMINTHOLOGY'! 


I. THE PRESENT STATUS OF KNOWLEDGE OF THE HELMINTH PARASITES 
OF DOMESTICATED AND SEMIDOMESTICATED MAMMALS AND 
ECONOMICALLY IMPORTANT BIRDS IN CANADA, AS 
DETERMINED FROM WORK PUBLISHED 
PRIOR TO 1933 


By W. E. SwALEs? 


Abstract 


A review is made of all previous records of Trematoda, Cestoda and Nematoda 
found in Canadian horses, cattle, sheep, swine, deer and buffalo, dogs and cats, 
foxes, miscellaneous fur-bearers, poultry and game birds. 

These records are taken from papers published in various forms which claim 
identification of the parasites found, and are here published as check lists 
following an introduction and a semihistorical review of Canadian helminth- 
ology. 


The purpose of this paper is to compile all the data pubiished concerning 
definite records of helminths parasitic in important animals and birds in 
Canada, with a view to ascertaining their distribution and known importance 
at the time this Institute commenced to function actively. At the same time, 
the results of the author’s observations concerning the prevalence of these 
parasites will be recorded as a second part of the paper, and thus the two 
parts together will summarize the extent of our knowledge of this subject at 


the end of the year 1932. Thereafter, all work published will be considered 
as building upon this foundation and, it is hoped, will lead to a thorough 
knowledge of the prevalence and importance of each species of disease-causing 
helminths in Canada. 


It has been said that time spent on survey work is time wasted for the 
reason that all really important parasites show themselves to be present as 
soon as disease symptoms are observed. The exponents of this view have 
apparently not followed the results of recent investigations in helminthology 
because it has been conclusively shown that many parasites play roles in the 
etiology of disease that are commonly overlooked; furthermore, a knowledge 
of their distribution is absolutely necessary if we are to know their life cycles 
under different conditions and in widely separated regions. 


Agricultural science has shown how large numbers of animals and birds 
may be kept on small areas and thus parasitic diseases have increased tre- 
mendously because the hazards usually encountered by a worm during its 
life cycle have been materially decreased. Wild animals have been taken 
from their natural-environs and confined in small pens for the domestic pro- 
duction of furs and have become the prey of numerous diseases caused by 
excessive numbers of helminths which, under natural conditions, would live 

1 Manuscript received March 7, 1933. 
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in the host without causing any untoward effect. Hunters have driven huge 
flocks of ducks and geese into every small area where food can be obtained 
in safety, such as private game reserves and national parks. There, the more 
or less normal inhabitants of the birds’ intestinal tracts continue to lay 
millions of eggs which would normally be scattered over huge areas, but 
which under modern conditions are spread over these comparatively small 
areas. Thus abnormally large infestations occur which cause serious disease 
symptoms, often so serious as to eventually bring about the death of the host. 

In making such a survey, it is impossible to limit it to species known to 
cause disease or to live in economically important animals. Many of the 
species in domestic animals, for example, live also in wild herbivores and 
carnivores. The larval stages of tapeworms of wild dogs and cats, for 
example, may develop as huge parasitic cysts in domestic animals. Modern 
transport facilitates the transference of both host and parasite from one part 
of the country to another. New hosts, newly introduced into the Dominion, 
may contract parasites already existing in our native animals, and parasitic 
disease in a new species of host is always much more severe than in an old, 
normal one. Alterations in food supply may lead an animal to contract a 
strange parasite, with similar results. These reasons for widening and extend- 
ing the scope of’ a survey to include all economic animals and their wild 
relations, could be considerably multiplied. 


Of even more importance is the fact that helminthology, like all other 
branches of science, cannot be understood unless all branches are studied. 
This has been proved by many instances in the past where important clues 
to the unravelling of life cycles of parasites of man and valuable animals 
have been obtained through the study of the parasites of creatures which 
are of less economic importance. For instance, Cameron’s discovery that 
the lungworm of the cat required an intermediate host led to the discovery 
that many other lungworms had similar life cycles, and thus effective control 
measures can now be employed. 

Leuckart’s work in Germany on the larva of Cucullanus elegans, a parasite 
of the perch, provided the clue that resulted in the life history of the Guinea 
worm being worked out in Turkestan by Fedtschenko in 1869. The dis- 
covery of the life cycle of Fasciola was the result of purely academic studies 
on pond life which enabled Thomas and Leuckart to obtain the knowledge con- 
cerning this complicated cycle, and which is now of immense economic value. 

Looss’ work on the hookworm of man, A. duodenale, was largely controlled 
and supported by his parallel experiments on A. caninum in dogs. 


The writer hopes that this urgertt need for survey work will be realized 
by workers in the fields of agricultural, veterinary, medical and other bio- 
logical sciences in Canada, and that all will co-operate by placing on definite 
record, the parasites of Canadian mammals and birds, either through the 
medium of independent publications or by submitting material to a qualified 
helminthologist, with descriptions of location, locality and apparent effect 
upon the host. 
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Canadian Parasitologists 


The observations of Sir William Osler on the identity and prevalence of 
certain helminth parasites of man and animals in Canada comprise the first 
records to be made in the Dominion, and it is with this work we begin our 
search for data concerning Canadian helminthology. Besides recording 
many parasites of domesticated animals, Osler published notes and papers 
dealing with helminths of man, chief among which are Trichinella spiralis 
(Toronto, 1870), Enterobius vermicularis, Taenia saginata, Taenia solium and 
Filaria bancroftt (Montreal, 1885-1890). 


Many years elapsed before any further publications on the subject appeared 
in Canada; in fact, barring Stafford of McGill and Wright of Toronto, who 
wrote several notes on helminths of reptiles and batrachians in the early part 
of this century, the next worker of note was Dr. Seymour Hadwen, present 
Director of the Veterinary Department, Ontario Research Foundation. 
Although Hadwen’s chief work was in the field of medical and veterinary 
entomology, he has added several valuable records to Canadian helminth- 
ology; and the paper by Ransom and Hadwen on Horse Strongyles in 
Canada, which appeared in 1920, gives us an excellent record of this group 
in Saskatchewan and Alberta. 


In 1920 and 1922 the importance of the parasites of poultry and domesti- 
cated foxes was realized by several workers, and mention was made of this 
group many times. The most reliable records from a distribution point of 
view were those furnished by J. A. Allen, A. B. Wickware and G. Ennis 
Smith, all of whom made valuable additions to our collection of data. 

Several years after this period other workers appeared in the field, and 
although little original work was published, it was evident that helminthology 
was becoming recognized as a very important science in Canada. Baker and 
Conklin, working at Macdonald College, published several notes on the occur- 
rence and prevalence of parasites in domestic birds and in one instance (1930) of 
sheep, while Kingscote, Schofield, Batt and McIntosh all made contributions 
through the medium of the Animal Report of the Ontario Veterinary College. 


Ronald Law, Director of the Experimental Fur Farm of the Ontario 
Department of Game and Fisheries, has taken an active interest in parasites 
of fur-bearing animals for the last three or four years. As well as doing 
extensive experimental control work he, and his coworkers, have made very 
complete records of the helminths of this group of animals in Ontario, and 
published in 1932 a descriptive bulletin with check lists of the parasites of 
the various fur-bearing hosts. 


Several scientists in the United States have from time to time given their 
attention to parasites from Canadian sources and in some instances have 
described them as new species. These workers include Ransom, Hall, Price, 
Cram and Chapin, and also several others who paid attention to helminths 
not included under the heading of this paper. 

It will be noted that the popular publications in which many important 
helminths are mentioned have not been included in this paper. It is obvious 
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that in this list can be included only parasites that have been definitely 
identified and recorded from a province, and these papers make no claim to 
definite identification but merely quote the probable facts that the parasites 
are exceedingly prevalent. 


Check List of Helminth Parasites of Economically Important 
Mammals and Birds in Canada 
This list is comprised of only such parasites as have been recorded from 
time to time as definitely identified species by many workers in Canada and 
elsewhere during the last fifty years. 
For the sake of convenience, the parasites are listed under the headings of 
hosts, and merely subdivided under the Classes to which they belong. 


Horses (Equus caballus ) 


First First 
Parasite recorded by Province Year Parasite recorded by Province 


CESTODA 


Anoploce- Kingscote Ont. 1931 Anoploce- Kingscote Ont. 
hala Bruce .C. 1930 phala magna 
mamillana 


NEMATODA ’ 


Ascaris Ransom & Sask.and 1917  Cylicostomum Ransom & Sask. and 1917 
equorum Hadwen Alta. nassalum Hadwen Alta. 


Bruce 


1930 
Cylicost Ransom & Sask. 1917 
Oxyuris equi Bruce BE. 1930 ——€ tenn 


Strongylus Ransom & Sask.and 1917 
equinus Hadwen Alta. 


Strongylus Ransom & Sask.and 1917 . on 
edeniatus Sadeun iin Cylicostomum Ransom & Sask. and 1917 


Schofield Ont. 1928 Bald Hadwen Alta. 


Strongylus Ransom & Sask. and 1917 ylicostomum Cram Sask. 1923 
vulgaris Hadwen Alta. leptostomum 


Schofield Ont. 1928 Cylicost Cri Sask 1923 
t ‘ylicostomum Cram ask. 
Bruce B.C. 1930 ultrajectinum 


Cylicostomum Ransom & Alta. 1917 
insigne Hadwen 


Cylicostomum Ransom & Sask.and 1917 Cylicosto ae ‘om 
labiatum Hadwen Alta. og mum Schofie 


Cylicostomum Ransom & Sask.and 1917 . 917 
labratum Hadwen Alta. — — = ” 


Cylicostomum Ransom & Sask. and 1917 robustus 


poculatum  Hadwen  Ailta. Gyalocephalus Ransom & Sask. and 1917 
Cylicostomum Ransom & Sask. and 1917 capitatus Hadwen Alta. 


calmatant Hadwen Alta. Triodonto- Ransom & Sask. and 1917 
Cylicostomum Ransom & Sask. 1917 phorus Hadwen Alta. 
coronatum Hadwen brevicauda 


Cylicostomum Ransom & Sask. and 197 Triodonto- Ransom & Sask. and 1917 
bicoronatum Hadwen Alta. phorus Hadwen Alta. 


Cylicostomum Ransom & Sask. and 1917 intermedius 


calicatum © Hadwen Alta. Triodonto- Ransom & Sask. and 1917 
Cylicostomum Ransom & Sask. and 1917 phorus Hadwen Alta. 
radiatum Hadwen Alta. tenuicollis 


Note:—In the above records the members of the sub-family Trichoneminae are listed under the 
old generic name Cylicostomum. Owing to differences of opinion concerning the nomenclature of 
this group it was considered that this plan would suffice. 
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Parasite 


TREMATODA 


Paramphisi- 
omum 
cervi 


CESTODA 
Moniezia 
expansa 


Cysticercus 
$ 


NEMATODA 
Dictyocaulus 
viviparus 


Gongylonema 
Sculaium 


Parasite 


TREMATODA 
Fasciola 


hepatica 
CESTODA 


Moniezia 
expansa 


Thysanosoma 
actinoides 
NEMATODA 
Trichuris ovis 
Dictyocaulus 


fuaria 


Protostrongy- 
lus 


rufescens (?) 


Nematodirus 
sp. 
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CaTILE (Bos taurus ) 


First 
recorded by Province 


Year 


1882 
1930 


1930 


1883 


1930 


1930 


1930 


First 


Parasite recorded by Province 


Fascioloides Bruce 
magna 


Fasciola Hadwen 
hepatica 


Echinococcus Osler 
granulosus Bruce 
(cyst. ) 


Ocesophagost- Bruce 
omum 
radiatum 


SHEEP (Ovits aries ) 


Osler N.S. 
Bruce B.C. 
Bruce B.C. 
Osler Que. 
Bruce B.C. 
Bruce B.C. 
Bruce B.C. 
First 


recorded by Province 


Hadwen B.C. 


McIntosh Ont. 
Bruce B.C. 
Bruce B.C. 
Bruce B.C. 
McIntosh Ont. 
Bruce aes 
Bruce B.C. 
Bruce B.C. 


Year 


1916 


1927 
4930 


1930 


1930 


1928 
1930 


1930 


1930 


First 


B.C, 


Bt. 


Be. 


Parasite recorded by Province 


Dicrocoelium Conklin & Que. 


dendriticum Baker 


Cysticercus Bruce 
lenutcollis 


Cysticercus Bruce 
ovis 


Monodontus Bruce 
trigono- 
cephalus 


Oesophago- _Bruce 
stomum 
columbianum 


Haemonchus Bruce 
contortus Schofield 


SWINE (Sus scrofa domesticus ) 


First 
Parasite recorded by Province 
CESTODA 
Cysticercus Bruce BL. 
cellulosae 
NEMATODA 
Ascaris McIntosh Ont. 
lumbricoides Bruce A. 
Dochmoides Ransom Ont. 
stenocephala 


Year 


1930 


1928 
1930 


(?) 


First 


B.C. 


B.C. 


BC. 


Eastern 
Canada 


Bit. 
Ont. 


Parasite recorded by Province 


Echinococcus Osler 
grandlosus 
(cyst.) Bruce 


Metastrongy- Bruce 
lus elongatus 


Trichuris suis Bruce 


Trichinella Osler 
spiralis 


Que. 
B.C, 
B.C. 


B.C. 
Que. 


Year 


1930 


1916 


1880 
1930 


1930 


Year 


1930 


1930 


1930 


1930 


1930 


1930 
1924 


Year 


1880 
1930 


1930 


1930 
1880 
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DEER AND BUFFALO 


First 
Parasite Host recorded by Province 
TREMATODA 
Fascioloides magna Odocoileus columbianus Hadwen BE. 
Bison bison Cameron Alta. 
Fasciola hepatica Odocoileus columbianus Hadwen B.C. 
CESTODA 
Moniezia sp. Bison bison Cameron Alta. 
Echinococcus granulosus Alces alces Hadwen Man. 
Cysticercus tenuicollis Cervus elaphus Hadwen Alta. 
NEMATODA 
Cooperia bisonis Bison bison Cram Alta. 
Oslertagia bisonis Bison bison Chapin Alta. 
Dictyocaulus hadweni Bison bison Chapin Alta. 
Dictyocaulus filaria Deer Bruce B.C. 
Filaria sp. Deer Bruce B.C. 
Docs AnD Cats (Canis familiaris and Felis catus domesticus ) 
First 
Parasite i a Host recorded by Province 
CESTODA 
Dipylidium caninum Dog Osler Que. 
Dog Bruce B.C. 
Taenia taeniaformis Cat Kingscote Ont. 
Taenia pisiformis Dog McIntosh Ont. 
Dog Bruce B.C. 
Taenia serialis Dog Bruce B.C, 
Taenia hydatigena Dog Bruce B.C. 
Echinococcus granulosus (?) Dog Bruce B.C. 
Diphyllobothrium latum Dog Vergeer —_ Man., 
NEMATODA Pe 
Toxascaris limbata Dog Bruce B.C. 
Dog Osler Que. 
Belascaris marginata Dog Bruce B.C. 
Ancylostoma caninum Dog Osler Que. 
Trichuris vulpis Dog Osler Que. 
Oslerus osleri Dog Osler Que. 
Dioctophyme renale Dog Riley (?) 
Foxes (Vulpes fulva) 
First Prov- ‘ First Prov- 
Parasite recorded by ince Year Parasite recorded by ince 
‘PREMATODA 
Parascocotyle longa Allen & — 1922 Alaria americana Law & Ont. 
Wickware Kennedy 
Echinochasmus sp. Allen & — 1922 Alaria arisaemoides Law & Ont. 
Wickware Kennedy 
Paragonimus Kingscote Ont. 


kellscotts 


Year 


1916 
1923 


1916 


1923 
1932 
1932 


1925 
1925 
1925 
1930 
1930 


Year 


1877 
1930 


1931 


1927 
1930 


1930 
1930 
1930 
1928 


1930 
1877 


1930 
1877 
1877 
1877 
1924 


Year 


1932 
1932 


1931 
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Foxes (Vulpes fulva) —Concluded 


First Prov- 
Parasite recorded by ince 
CESTODA 
Diphyllobothrium Law & Ont. 
latum- Kennedy 
NEMATODA 
Belascaris Allen & — 
marginata Wickware 
Law & Ont. 
Kennedy 
Bruce Bi. 
Belascaris mystax(?) Higgins Ont. 
lien & _ 
Wickware 
Toxascaris limbata Allen & ~— 
Wickware 
Law Ont. 


Year 


1932 


1922 
1932 


1930 


1916 
1922 


1922 
1931 


. First Prov- 


Parasite recorded by _ ince 


Diphyllobcthrium Law & Ont. 


cordatum Kennedy 
Dochmoides Allen & _ 
stenocephala Wickware 
Law Ont. 
Bruce Be. 
Ancylostomum Batt Ont. 
caninum Bruce BA. 
Crenosoma Law Ont. 
decoratum 
Capillaria plica Law Ont. 
Eucoleus aerophilus Batt Ont. 
Bruce BS. 


Year 


1932 


1922 
1930 
1930 


1925 
1930 


1931 


1931 


1924 
1930 


MISCELLANEOUS FUR-BEARING ANIMALS 


The following parasites of fur-bearers were recorded by Law and Kennedy, 
1932, as helminths infesting fur-bearing animals in the vicinity of Kirkfield, 


Ontario. 


Parasite 


TREMATODA 
Plagiorchis proximus 


Parametorchis 
canadensis 


Notocotyle 
quinqueseriale 
Nudacotyle novicia 


Catatropis filamentis 


Hosts 


Mink 

(Mustela vison ) 
Muskrat 

(Ondatra zibethica ) 

ink 

(Mustela vison ) 
Muskrat 

(Ondatra zibethica ) 


Muskrat 

(Ondaira sibethica ) 
Muskrat 

(Ondatra zibethica ) 


Echinochasmus schwartzi Muskrat 


Euparyphium melis 


(Ondatra zibethica ) 
Mink 
(Mustela vison ) 


Euparyphium inerme Mink 


(Mustela vison ) 


Echinostomum coalitum Muskrat 


CESTODA 


(Ondatra sibethica ) 


Hymenolepis evaginata Muskrat 


Taenia pisiformis 





(Ondatra sibethica ) 
Wolf 
(Canis lycaon ) 


Parasite 


Echinostomum 
callawayensis 


Echinoparyphium 
contiguum 


Echinostomum 
armigerum 
Psilostomum ondatrae 
Hemistomum craterum 
Alaria mustelae 
Alaria mustelae 
Alaria americana 
Wardius sibethicus 


Cladorchis 
subtriquetrus 


Taenia sp. 


Cysticercus fasciolaris 


Hosts 


Muskrat 
(Ondatra sibethica ) 


Muskrat 
(Ondatra zibethica ) 


Muskrat 

(Ondatra zibethica ) 
Muskrat 

(Ondatra zibethica ) 


Muskrat 
(Ondatra zibethica ) 


Muskrat 

(Ondatra zibethica ) 
Mink 

(Mustela vison ) 
Wolf 

(Canis lycaon) 
Muskrat 

(Ondatra zibethica ) 


Beaver 
(Castor canadensis ) 


Mink 
(Mustela vison ) 


Muskrat 
(Ondatra sibethica ) 
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MISCELLANEOUS FUR-BEARING ANIMALS—Concluded 


Parasite Hosts Parasite 


NEMATODA 
Toxocara myslax Lynx Physaloptera sp. Lynx 
(Lynx canadensis ) (Lynx canadensis ) 


Ascaris sp. Mink Physaloptera sp. Raccoon 
(Mustela vison) (P. lotor ) 


Ascaris sp. Raccoon Capillaria sp. Raccoon 
(P. lotor ) (P. lotor) 


Strongyloides sp. Mink Capillaria sp. Mink 
(Mustela vison ) (Mustela vison ) 


Filaria sp. Mink Dioctophyme renale Mink 
(Mustela vison ) (Mustela vison) 


Filarioides bronchialis Mink Hepaticola hepaticola Muskrat 
(Mustela vison ) (Ondatra zibethica ) 


It must be noted the trematodes, Parametorchis canadensis and Psilostomum 
ondatrae, were new species described by Price, and therefore first reported 
by him in 1929 and 1931 respectively. Added to the above list is Paragonimus 
kellicotts which was first recorded in an Ontario mink in 1931 by Kingscote: 
also Dochmoides stenocephala in a Fisher (Mustela sp.) by Chitwood, 1932. 


Birps (Domestic and Game) 


First 
Parasite Host recorded by Province 


CESTODA 


Davainea proglottina gallus Wickware 
gallus Gwatkin 
gallus Baker 


gallus Bruce 
gallus Wickware 


. gallus Wickware 
gallus Baker 


. gallus Wickware 
Baker 


Choantaenia infundibulum , Wickware 
Bruce 
Baker 


Hymenolepis carioca G. gallus Wickware 
G. gallus Baker 


Hymenolepis coronula Anas dom. Schofield 


Raillietina tetragona 
Amoebotaenia sphenoides 


Raillietina cesticillus 


AN AA A HAND 


NEMATODA 


Ascaridia lineata G. gallus Wickware 
G. gallus Baker 
G. gallus Bruce 


Ascaridia columbae Columba livia Wickware 
Columba livia Rayner 


Heterakis gallinae G. gallus, Meleagris Wickware 
dom. 
G. gallus Baker 


G. gallus Gwatkin 
G. gallus Bruce 


Heterakis isolonche Phasianus sp. Schofield 
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Birps (Domestic and Game)—Concluded 


First 
Parasite Host recorded by Province Year 


NEMATODA 
Syngamus trachealis Gallus sp. Wickware 1922 


Capillaria retusa G. gallus Wickware 1922 
Capillaria annulata G. gallus Wickware 1922 
Capillaria meleagrisgallopava G. gallus Baker . 1930 
Capillaria columbae Columba livia Rayner ; 1932 


Capillaria sp. G. gallus Gwatkin , 1924 
Bruce Me 1930 


Chielospirura hamulosa G. gallus Schofield ‘ 1930 
Conklin . 1932 


Amidostomum anseris 
Echinuria parva 


Branta sp. Cram 
Branta sp. Cram 


1928 
Ont. 1928 


A list of parasites collected in Canada and present in the collection of the 
Zoological Division, United States Bureau of Animal Industry, Washington, 
D.C., on May 1, 1931, just before the author commenced his first observations 
upon the distribution of Canadian helminths, and is here reproduced by the 


kind permission of Dr. Maurice C. Hall. 


This list is limited to the helminth 


parasites of domesticated animals and birds, economically important fur- 
bearers and game birds and mammals. 


Parasite 
TREMATODA 


Plagiorchis proximus 
Dicrocoelium dendriticum 
Parametorchis intermedius 
P. canadensis 
Cryptocotyle lingua 
Nudacotyle novicia 
Fascioloides magna 
Echinostomum revolutum 
E. echinatum 
Echinoparyphium contiguum 
Psilostomum ondatrae 
Alaria americana 
Alaria alata 
Cladorchis subtriquetrus 
CESTODA 
Anoplocephala sp. 
Moniesia expansa 
Moniezia sp. 
Thysanosoma actinoides 
Davainea proglottina 
Raillietina cesticillus 
Hymenolepis evaginata 
Taenia pisiformis 


Host 


Muskrat (0. zibethica ) 
Sheep 

Mink (Mustela vison ) 
Mink (Mustela vison ) 
Fox (V. fulva) 
Muskrat (O. zibethica) 
Deer 

Muskrat (O. zibethica ) 
Goose (Anser cinerius ) 
Muskrat (Mustela vison ) 
Muskrat (O. zibethica ) 
Fox (V. fulva) 

Fox (V. fulva) 

Beaver (C. canadensis ) 


Horse 

Sheep 

Bison 

Sheep 

Chicken (dom.) 
Chicken (dom.) 
Muskrat (0. zibethica ) 
Fox (V. fuloa) 


Province 


of origin 


Ont. 
Que. 
Que. 
Ont. 
P.E.I. 
Ont. 
B.C. 
Ont. 
Ont. 
Ont. 
Ont. 
Ont. 
Ont. 
Ont. 


Collection 
number 


464-13 
2521-A 
2521-B 

464-B 

468-1 
2550-D 
1748-E 
2199-D 
2135-A 

464-11 

T. 133-1 
2216-C 

453-11 

2648-A 


2154-B 
L. 1270-B 
55-1E 
1727-C 


2135-B 
2470-E 
2452-B 





SF Es es DT are Ft aE hs GRR 


Ree 





Parasite 


NEMATODA 


Ascaris lumbricoides 
Ascaris sp. 

Ascaridia lineata 

Heterakis gallinae 
Heterakis isolonche 
Probstmayria vivipara 
Strongylus equinus 
Strongylus vulgaris 
Strongylus edentatus 
Triodontophorus intermedius 
Warrenius bifurcatus (?) 
Citellus richardsoni 
Ocesophagostomum radiatum 


NEMATODA 
Cylicostomum spp. (As reported, Ransom and Hadwen 1918). 


Dictyocaulus hadweni 
Trichostrongylus colubriformis 
T. vitrinus ; 
Cooperia bisonis 
Ostertagia bisonis 
Crenosoma sp. 
Amidostomum anseris 
Filaria sp. 

Setaria labiato-papillosa 
Dispharynx spiralis 
Echinuria parva 
Physaloptera sp. 
Dioctophyme renale 
Capillaria plica 


Capillaria sp. 
Capillaria meagris-gallopavo 
Eucoleus aerophilus 
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Host 


Pig 

Raccoon (P. lotor ) 
Fowl (G. gallus ) 
Fowl (G. gallus ) 
Pheasant sp. 
Horse 

Horse 

Horse 

Horse 

Horse 

Horse 

Horse 

Bison 


Bison 

Sheep 

Sheep 

Bison 

Bison 

Fox (V. fulva ) 

Goose (Branta sp.) 
Deer (O. columbianus ) 
Bison 

Grouse (Bonasa umbellus ) 
Goose (Branta sp.) 
Raccoon (P. lotor ) 
Mink (M. vison) 

Fox (V. fulva) 


Mink (M. vison ) 
Fowl (G. gallus ) 
Fox (V. fulva) 


NotTEe:—The bibliography for this paper is included in Part II. 
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Province Collection 
of origin number 
Ont. 2452-D 
Ont. 2527-E 
Que. 
Que. 
Ont. 1696-B 
a= 2328-B 
Sask. 2173 
Sask. 2173 
Sask. 2173 
Sask. 2174 
Sask. Cotype 
Sask. T. 15-A 
Alta. 2137-B 
Alta. T. 10-A 
Ont. 2452-C 
Ont. 2452-C 
Alta. T. 121-10 
Alta. T. 10-D 
Ont. 2657-E 
Ont. 2231-D 
B.C. 2297-C 
Alta. 1051-E 
N.S. 2659-D 
Ont. T. 127-5 
Ont. 2657-D 
Ont. 2639-B 


Ont. and 2042-D 
P.E.I. 


Ont. — 


Que. —_ 
(?) 1951-B 


A REVIEW OF CANADIAN HELMINTHOLOGY 


II. ADDITIONS TO PART I, AS DETERMINED FROM A STUDY OF 
PARASITIC HELMINTHS COLLECTED IN CANADA 


By W. E. SwWALEs? 


Abstract 


The author adds to Part I further records of Trematoda, Cestoda and 
Nematoda of Canadian horses, cattle, swine, sheep, poultry, game birds and 
miscellaneous hosts. These appear as check lists, the specimens having been 
identified by the author and deposited in helminthological collections. Parts 
I and II summarize the extent of knowledge concerning the distribution and 
prevalence of these parasites in Canada, and a bibliography covering these 
papers is herewith included. 


The following check lists of parasitic helminths were compiled following 
taxonomic studies made by the author upon specimens collected in Canada. 
Many of these parasites were taken from the collection of the Animal Diseases 
Research Institute, Hull, Que., which was made available to this Institute 
through the co-operation of Dr. E. A. Watson, Health of Animals Branch, 
Department of Agriculture. Others were collected by the author or sub- 
mitted for identification. 

The helminths previously listed in Part I, which took the form of a review 
of Canadian helminthology, have not been again noted in this paper except 
as records for other provinces. The specimens listed below have been system- 


atically studied and deposited in the helminthological collections of the afore- 
mentioned Institutes. 

The two parts of this preliminary survey work summarize the extent of 
our knowledge concerning the distribution and prevalence of these parasites 
in Canada at the end of the year 1932, and will show how urgently we need 
to gain further knowledge of this subject. 


HorsE (Equus caballus ) 


Apparent : y Apparent 
Parasite Provinces _ prevalence Parasite Provinces prevalence 


CESTODA 


Anoplocephala B.C., Sask., Fairly Anoplocephala Ont. One 
mamillana Que. common perfoliata specimen 

Anoplocephala Que. (?) examined 
magna 


NEMATODA 
Ascaris equorum Ont., Que. Common Triodontophorus Que. (?) 
Probstmayria brevicauda 
vivipara ~~ (Hull) (?) Gyalocephalus Ont. (?) 
Oxyuris equi nt., Que. Common capitdtus 
Strongylus equinus Ont., Que. Common Oesophagodontus Ont., Que. (?) 
Strongylus vulgaris Ont., om Common robustus 
Strongylus Que (?) Dictyocaulus Ont. Not 
edentatus arnfieldi common 


1 Manuscript received March 9, 1933. 

Contribution from the Institute of Parasitology, McGill University, Macdonald College, 
ue., with financial assistance from the National Research Council of Canada and the Empure 
arketing Board. 

2 Research Assistant. 
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Parasite 


NEMATODA 


Trichonema spp. 


(10) 


Triodontophorus 
serratus 


Parasite 


TREMATODA 
Paramphistomum 


sp. 
Paramphistomum 


sp. 


CESTODA 


Moniezia benedeni 
Moniezia expansa 


NEMATODA 
Ocesophagostomum 


radiatum 
Monodontus 
phlebotomus 
Monodontus 
trigonocephalus 
Dictyocaulus 
viviparus 


Parasite 


CESTODA 
Montezia expansa 


Thysanosoma 
actinioides 


NEMATODA 
Ocesophagostomum 


columbhtanum 


Oesophagostomum 


venulosum 
Chabertia ovina 
Monodontus 
trigonocephalus 
Dictyocaulus 
filaria 
Trichostrongylus 
extenuatus 
Cooperia curticei 
Cooperia 
oncophora 
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Horse (Equus cabalius)—Concluded 


Provinces 
Ont., Que. 


Ont., Que. 


Provinces 


Ont. 
Alta. 


ue. 
ue. 
’ 


Ont., Que. 


Que. 
Ont. 


Ont., Que. 


Provinces 


Ont., Que. 


Sask., Alta. 


Ont., Que., 
Ng 


Ont., Que. 


Ont. 
Ont., Que. 


Ont., Que., 
P.E.I. 
Ont. 


Ont. 
Ont. 


Apparent 
prevalence 


Estimation 
not 
attempted 


¢?) 


Parasite 


Setaria equina 


Habronema 
muscae 

Habronema 
microstoma 


CaTTLeE (Bos taurus ) 


Apparent 
prevalence 


Rare 


(?) 


(?) 


Common 


Common 
(?) 
(?) 
(?) 


Parasite 


Fascioloides magna 


Cyslicercus 
tenuicollis 
Cysticercus bovis 


Cooperia punctata Ont. 


Ostertagia 
ostertagi 
Haemonchus 
contortus 
Setaria labiato- 
papillosa 
Trichuris ovis 


SHEEP (Ovis aries ) 


Apparent 
prevalence 


Common 
Very 
common 


in 
Mid-West 


Causing 
severe 
losses in 
Eastern 
Canada 

Two cases 
seen 

One case * 

Very 
common 

(?) 
? 
(?) 


(?) 
(?) 


Parasite 


Cysticercus 
tenuicollis 
Cysticercus ovis 


Nematodirus 
spathiger 
Nematodirus 
filicollis 
Ostertagia 
circumcinata 
Haemonchus 
contortus 


Haemonchus sp. 


Gongylonema 


a 
richuris ovis 


Provinces 
Ont., Que. 
Ont. 

Ont. 

Provinces 

Alta. 
Ont., Que. 
Ont., Sask. 
Que. 

Ont., Que. 
Ont., Que., 

Alta., Man. 
Que. 
Provinces 
Ont., Que., 

Alta. 
Man. 

Ont. 
Ont. 
Ont. 
Que. 
Ont. 
Ont. 
Ont., Que., 
N.S. 








Apparent 
prevalence 


Fairly 
common 

Not 
common 


(?) 


Apparent 
prevalence 


Common 


Common 


Fairly 
common 


Uncommon 
Uncommon 


Common 


Common 


(?) 


Apparent 
prevalence 


Very 
common 


(?) 


Fairly 
common 


(?) 
(?) 


A 
dominion- 
wide 
menace 

Only 
females 
available 

Rare 


Common 





Parasite 


CESTODA 
C. cellulosae 


NEMATODA 


Ascaris 
lumbricoides 


Ocesophagostomum 


dentatum 
Stephanurus 
dentatus 


Metastrongylus 
elongatus 


Parasite 


TREMATODA 


Streptovitella Anas 


acadiae 


Paramonosto- Branta 


mum 
pseudalve- 
atum 


CESTODA 
Raillietina 
tetragona 
Raillietina 
cesticillus 


NEMATODA 
Tetrameres 
sp. 


Parasite 


TREMATODA 


Parascocotyle 
longa 

Paragonimus 
sp 


Echinostomum 


sp. 
CESTODA 
Dipylidium 
caninum 


Hymenolepis 
sp. 
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Provinces 


Man., Sask. 


All 
provinces 


Ont., Que. 
Man. 


(Winnipeg) 


Ont., Que., 
NS., P.E.I 


Apparent 
prevalence 


Now rare 


General 
(?) 
One 


specimen, 
no details 


General 


SwInE (Sus scrofa domesticus ) 


Parasite 


Melastrongylus 
pudendotectus 

Hyostrongylus 
rubidus 
Trichuris suis 


Provinces 


Ont. 
Ont. 
Ont., Que. 


Macracanthorhyn- Ont. 


chus 
hirudinaceus 


Birps (Domestic and Game) 


Apparent 


Host Provinces prevalence 


rubripes 
canadensis 


G. gallus 
G. gallus 


Anas. dom. Ont. 


Host Provinces prevalence 


Vulpes 


N.S. 
N.S. 


Ont. 
Ont. 


Serious in 
1932 


(?) 


(?) 


Parasite 


Notocotylus 
attenuatus 


sp. 


Hymenolepis G. gallus 


cartoca 


spp. 


MISCELLANEOuS Hosts* 


Apparent 


Ont., 


Que. 


ustela Ont. 
Alta. 


vison 
Ondatra 
zibethica 


Canis 
— 


elis catus Que. 


domesticus 


Vulpes fulva Que. 
Alta. 


Ondatra 
zibethica 


Ont.) Common 


v 


Parasite 


Alaria 
americana 

laria 

alata 


Taenia 
taeniaformis 

Taenia 
pisiformis 

Taenia 
hydatigena 


Branta 


Apparent 
prevalence 


One case 
Rare 


General 

Confined to 
Essex and 
Kent 
Counties, 
common 


Apparent 


Host Provinces prevalence 


canadensis 


discors 


discors 


Ont. 
Psilochasmus Querquedula Alta. 


Ont. 

Hymenolepis Dafila acuta Alta. 
sp. 

Hymenolepis Querquedula Alta. 


(?) 


Apparent 


Host Provinces prevalence 


Vulpes fulva Que., — 
PEI. 


Vulpes fuloa — 


Felis catus Que. 
Que. 
Que. 


domesticus 
Canis 
= 
‘anis 
familtaris 


*This heading consists of dogs, cats, foxes and miscellaneous furbearers. 


Common 
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MISCELLANEOUS Hosts—Concluded 


Apparent Apparent 
Parasite Host Provinces prevalence Parasite Host Provinces prevalence 
NEMATODA 
Belascaris Canis Ont., Common Physaloptera Procyon Que. Common 
marginata familiaris Que. spp. lotor 
Belascaris Felis catus Que. Common Physaloptera Taxidea Alta. (?) 
mystax domesticus sp. taxus 
Toxascaris Canis Que. Common Dioctophyme Canis Ont., Common 
limbata familiaris renale familiaris Que. in 
Vulpes fulva Que. Common Northern 
Ascarissp. Taxidea Altaa — dogs 
taxus Mustela Que. Common 
Ancylostoma Canis Ont. Common vison 
caninum familiaris Trichuris Canis Ont., Common 
Vulpes fulva Que. (?) vulpis familiaris Que. 
Dochmoides Vulpes fulva Que., Common Vulpes fulva Que. (?) 
stenocephala N.B., Capillaria Vulpes fulva Que. Common 
P.E.t. plica 
Eucoleus Vulpes fulua Que. Common 
aerophilus 
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STUDIES ON FOOT AND ROOT ROT OF WHEAT 


I. EFFECT OF AGE OF THE WHEAT PLANT UPON THE DEVELOPMENT 
OF FOOT AND ROOT ROT! 


By W. C. BrRoapFootT? 
Abstract 


Studies were made to determine whether, in sterilized inoculated soil, Marquis 
wheat plants became more or less susceptible during the post-seedling stage to 
Ophiobolus graminis, Helminthosporium sativum, and Fusarium culmorum. 

hile it was found that the plants in the seedling stage were more susceptible 
than at later stages, there was, with the technique used, no evidence that the 
plants become more or less susceptible during the post-seedling stage. The 
reasons for indefinite evidence on this important question are given. In 
sterilized soil, in open pot culture, inoculum of O. graminis was definitely more 
virulent when alone than when mixed singly or in combination with H. sativum, 
F. culmorum or Leptosphaeria herpotrichoides. The virulence of all pathogenes 
mentioned decreased progressively in sterilized soil, the greatest decrease taking 
place during the first 40 days, after which they were only slightly pathogenic 
and at the end of 120 days inoculum of O. graminis was impotent. The virulence 
of inoculum when added to unsterilized soil was greatly reduced in contrast 
with that in sterilized soil, and after 10 days it was practically at a minimum. 
These results emphasize the necessity of protecting inoculated sterilized soil 
against contamination by other micro-organisms in critical studies made in 
soil. They also throw light on the much recognized difficulty of producing foot 
rot in the field by prepared inoculum added to such soil. 


If we would ywnderstand the wheat foot-rot complex, it is important to 


determine if possible whether certain morphological and physiological changes, 
which accompany the maturation of the foot and root tissues, render the 


plant more or less susceptible to any or all of the pathogenes concerned. To 
unravel the situation which exists in ordiaary unsterilized soil, or under 
normal field conditions, where possibly all the foot-rotting fungi may be 
found together would be extremely difficult if not impossible. If attempted 
under greenhouse conditions in sterilized soil, the reaction of the plants at 
various ages to each organism would have to be determined, and also their 
reaction to various combinations of these pathogenes as well. 


Materials and Methods 

The present study was begun in 1929 and included pathogenic cultures of 
Ophiobolus graminis Sacc., Helminthosporium sativum P. K. and B., Fusarium 
culmorum (W. G. Sm.) Sacc., and Leptosphaeria herpotrichoides de Not., all 
isolated from wheat plants. Each pathogene was increased separately in 
sterilized ground oat hulls. Whenever a pathogene was tested, either singly 
or in combination, a 10-gm. portion of each one was used. Pots, six inches 
in diameter, were filled with three parts of black loam mixed with one part 
of sand, and steam-sterilized for six hours at 15 1b. pressure. Elite Marquis seed 
was sown, covered first with or withqut inoculum as required, then with top soil. 
An equal portion of sterilized oat hulls was used in the checks to permit of a 
favorable comparison. The various degrees of infection are denoted as fol- 
lows: 0, clean; 1, trace; 2, light —; 3, light; 4, light +;5, medium —; 
6, medium; 7, medium +; 8, heavy —; 9, heavy; 10,heavy +. 


1 Manuscript received March 24, 1933. 

Contribution from the Division of Botany, Experimental Farms Branch, Department of 
Agriculture, Ottawa, Canada, co-operating with the University of Alberta. This paper constitutes 
one part of a thesis submitted May 3, 1932, to the graduate faculty of the University of Minnesota 
in partial fulfilment of the requirements for the degree of Doctor of Philosophy. 

2 Plant Pathologist, Dominion Laboratory of Plant Pathology, Edmonton, Alberta. 
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In all, four different experiments were completed in connection with this 
general study. In the first and second experiments some pots were inoculated 
at seeding time, and the others at 10-day intervals thereafter until the plants 
neared maturity, at which time the plants were taken up and the amount 
of disease recorded. For the later inoculations of growing plants, the inoculum 
was placed about the roots, after carefully removing the upper two inches 
of soil from around the plants. The removed soil was then replaced. The 
check pots were treated in the same manner, except that sterilized non- 
inoculated ground oat hulls were added. Four hundred pots, six plants per 
pot, were used in the first experiment, each test being replicated five times; 
in the second there were 800 pots with six plants per pot; 128 pots, six plants 
per pot, in the third, each test being replicated four times; and in the fourth 
experiment, there were 196 pots, 15 plants per pot, each test being replicated 
five times, except in the case of the checks, when only two replicates were used. 
The chief differences in procedure among the first, second, and third experi- 
ments may be briefly stated as follows: in the first one, the plants were not 
taken up until mature, while in the second experiment the arrangement was 
such that plants of each test were harvested every 10 days. This was neces- 
sary since the first experiment indicated that if the plants remain until 
maturity, a uniform infection results. This obscured any real differences 
which might have existed at various periods. The third experiment was 
planned like the second, only one part was duplicated in unsterilized soil. 


Another difference was that L. herpotrichoides, which was at that time recently 
discovered in Alberta by Henry and Foster (6) at Camrose, and in the same 
season by the author (1) on winter wheat at Cowley, Was included in the third 
experiment. The general plan of the second experiment with regard to the 
kind and time of inoculation and time of note taking is indicated in Table I. 


Experiment 1 Experimental Results 

The chief value of the first experiment (2) was in indicating three things: 
first, that the maximum degree of injury usually occurred when O. graminis 
was used alone; second, that, as indicated by Davis (3), the severity of 
injury decreased as the inoculations were delayed; and third, that no 
maximum degree of injury was produced at the different periods. Thus, 
the results suggested another experiment, in which periodic removal of plants 
should be made as well as periodic inoculations. Since the results of the first 
experiment were essentially the same as for the material inoculated at 10-day 
intervals and taken up at maturity in the second experiment, it will not be 
necessary to present them here. The second experiment is more extensive 
and hence more conclusive, giving a fairly cOmplete picture of the progress 
of foot rot under greenhouse conditions. 


Experiment 2 
The results of the second experiment are presented in Table I. The infection 
rating on plants 110 days old, with regard to F. culmorum, H. satwwum, and 


O. graminis (alone), inoculated at various periods are shown in Table II for 
comparison. 
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AT 10-DAY INTERVALS FROM SEEDLING STAGE TO MATURITY. 
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TABLE I—continued 


Days after planting of inoculating (numerator) and of harvesting (denominator) 
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TABLE 1—continued 


Days after planting of inoculating (numerator) and of harvesting (denominator) 
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TABLE II 
INFECTION RATING ON PLANTS 110 DAYS OLD, INOCULATED AT VARIOUS PERIODS 


Inoculation F. culmorum H. sativum | O. graminis 


nN 
wn 


At planting 
10 days 
20 days 
30 days 
40 days 
50 days 
60 days 
70 days 
80 days 
90 days 
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Obviously O. graminis was much more virulent than either F. culmorum or 
H. sativum. Also inoculations made up to 40 days were in general fairly 
virulent, and those made later were relatively ineffective, particularly those 
having F. culmorum or H. sativum. The results in Table I show that in 
about 40 days the infection decreased as much in those pots where either 
F. culmorum or H. sativum were mixed with O. graminis as it did in those pots 
in which O. graminis was used alone. 

Robertson (8), who carried on histological studies in connection with this 
problem, found a marked increase in the amount of lignified tissue in the 
foot of Marquis wheat plants taking place with advancing age. He con- 
cluded that the thickening of the walls and the increase in lignification or 
other chemical changes accompanying maturation of the root may at times 
retard the progress of foot-rotting fungi. He found that the increase in 
lignification occurred chiefly in the xylem, the pericycle, the fibres of the 
vascular bundle sheaths, and in the sub-epidermal layers of the cortex of the 
crown roots. The cells of the latter became much thickened with advancing 
age. This increase in lignification reached its maximum in about 40 days, 
which was coincident with a marked falling off in infection of wheat plants 
by O. graminis. 


However, in addition to these changes, which occur in the host, there may 
also be certain environmental factors, i.e., the association of other micro- 
organisms, which influence the ability of the parasite to infect wheat plants 
when they have been inoculated 50 days after planting time. The time it 
takes O. graminis to successfully establish itself in the host as it becomes 
older must not be minimized. Also there is the fact that the sterilized soil gradu- 
ally becomes populated with foreign micro-organisms under greenhouse con- 
ditions, and these more or less suppress the virulence of the pathogene. 
Sanford and Broadfoot (9) have already shown that a wide range of soil- 
inhabiting bacteria and fungi and their filtrates more or less suppress the 
virulence of O. graminis, depending on the particular micro-organism involved. 
Fellows (4) states that “‘the inoculum of O. graminis soon loses its virulence 
when added to uninfested soil.’’ Further, the results given in Table I show 
that when inoculations were made at time of planting, symptoms of O. graminis 
were evident on the primary roots 10 days after inoculation, and on the 





STUDIES ON FOOT AND ROOT ROT OF WHEAT 487 


secondary roots after 20 days. However, the infection rating at the end of 
10 days is rather low, but naturally this increases rapidly thereafter, becoming 
pronounced at 30 days and later. When the inoculum was applied 10 days, 
20 days, or later, after planting, there was a corresponding decrease in develop- 
ment of disease. That is to say, in addition to chemical and morphological 
changes, which occur as the foot and root parts of wheat age, tending perhaps 
to make it more resistant, one must make allowance also for factors which 
increase or decrease the virulence of the pathogene at any stage of growth. 
Liidtke (7) considers it probable that the greater susceptibility of young 
wheat plants to O. graminis and F. culmorum is due to the part played by 
certain enzymes in the decomposition of the polymeric carbohydrates, the 
success of which is dependent on coincidence between the development of 
the fungus and that of the host. Whether the greater susceptibility of the 
wheat plant at this period can be explained entirely on a chemical or on a 
morphological basis is an interesting question. 


With regard to the effect of mixing F. culmorum or H. sativum with 
O. graminis, or of mixing all three together, on the infection produced, the 
results in Table I, which are shown in Table III for comparison, are interest- 
ing. The plants were inoculated at various periods, and all were examined 


at maturity. 
TABLE III 


EFFECT OF MIXING F. culmorum oR H. sativum witH O. graminis, OR OF ALL THREE 
TOGETHER, ON THE INFECTION PRODUCED 


F. culmorum 
Inoculation O. graminis F, culmorum H. sativum + H. sativum 
+ O. graminis + O. graminis + O. graminis 


At planting 
10 days 
20 days 
30 days 
40 days 
50 days 
60 days 
70 days 
80 days 
90 days 
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Apparently the virulence of O. graminis was somewhat reduced by either 
or both F. culmorum and H. sativum. The minor exceptions which occurred, 
and which were probably caused by contaminations, do not appear to be of 
sufficient importance to alter this conclusion. It must be remembered that 
the experiment was begun with sterilized soil, using all available precautions 
to avoid unwanted contaminations. sHowever, these occurred, because the 
soil had to be removed from around the roots for the inoculations made after 
planting time. 


Experiment 3 


This experiment differed from Experiment 2 mainly in having one part on 
sterilized soil and the other on unsterilized soil. The results are contained 
in Table V. The infection ratings for O. graminis alone and with one or more 
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of F. culmorum, H. sativum, and L. herpotrichoides in the two soil series are 
listed in lable IV for comparison. The inoculum was applied at planting 
time, and the plants were taken up at maturity. 


TABLE IV 


INFECTION RATINGS FOR O. graminis ALONE AND WITH ONE OR MORE OF F. culmorum, 
H. sativum, AND L. herpotrichoides 1N THE TWO SOIL SERIES 


Infection rating 


Sterilized Unsterilized 
soil soil 


graminis 

graminis + F. culmorum 

graminis + H. sativum 

graminis + H. sativum + F. culmorum 
graminis + L. herpotrichoides 

graminis + L. herpotrichoides + F. culmorum 
graminis + L. herpotrichoides + H. sativum 

. graminis + L. herpotrichoides + H. sativum 
+ F. culmorum 
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TABLE V 


THE EFFECT OF SINGLE, DOUBLE, TRIPLE, AND QUADRUPLICATE COMBINATION INOCULATIONS 
WITH Fusarium culmorum, Helminthosporium sativum, Ophiobolus graminis, AND 
Leptosphaeria herpotrichoides ON MARQUIS WHEAT IN STERILIZED AND UNSTERIL- 

IZED SOIL. INOCULUM WAS APPLIED AT PLANTING TIME AND PLANTS WERE 
TAKEN UP AT MATURITY. A NUMERICAL INFECTION RATING 
IS GIVEN 


Cus "1 Sterilized soil Unsterilized soil 
ulture we 
Height in Infection Height in Infection 
cm.* rating* cm.* rating* 
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* Average of four replicates. 

> Culture. F, Fusarium culmorum; H, Helminthosporium sativum; O, Ophiobolus graminis; 
and L. Leptosphaeria herpotrichoides. In each case a 10-gram sample of each culture was added 
at seed level. 


In general, O. graminis was more virulent when alone than when mixed 
in various combinations with the other pathogenes mentioned, whether in 
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sterilized soil or unsterilized soil. Also, the pathogenicity of O. graminis was 
reduced more in unsterilized soil than in the sterilized soil. This was a com- 
mon observation. Since this paper was first presented, a similar observation 
has been made by Henry (5). An explanation cannot be offered now for 
treatment No. 14 in the unsterilized soil, where the infection was greater 
than in treatment No. 3 (O. graminis alone). 


Experiment 4 


This experiment was designed to show the differences in severity of 
O. graminis on wheat produced by inoculating the soil at planting time, and 
subsequently at 10-day intervals, in sterilized and in unsterilized soil. In 
one series (Series I) all the pots were inoculated and then the seed was sown 
at 10-day intervals. In the other part (Series II) the pots were prepared as 
in the first series and kept watered on the bench to be inoculated and seeded 
simultaneously at 10-day 
intervals. In this way it 

e —— INOCULUM APPLIED AT BEGINNING 
was hoped to obtain the THEN SEEDED AT I0-ORY NTERVALS 
effect of the microflora, INDCULLM APPLIED AT TIME OF SEEDINO 
which developed in ; rr ae ee 
either sterilized or un- 
sterilized soilin both 
series, on the inoculum 
added (1) at the begin- 
ning, and (2) at intervals 
subsequently. The results 
are given in Table VI and 
are graphically repre- 
sented in Fig. 1. The 
plants were taken up 30 
days after planting time 
in each case. 

Considering first Series 
I, where the inoculum was 
added July 30 in sterilized 
soil, it will be observed 
that the infection rating 'o 20 30 


40 
decreases from 6.5 to 4.8, i i iicendih sas ‘ediainine 

1G. 1. e differences in severity of Ophiobolus gra- 
4.1, 3.0 and finally to minis on Marquis wheat plants obtained by periodic 


6 


PERCENT INFECTION RATING 


so 60 


1.7 after 10, 20, 30, and applications of the pathogene to an initially sterilized 


60 days, respectively. sou Series and to an unsterilized soil series. 


Contrast these results with those where the inoculum and seed were planted 
together in soil originally sterilized. Here the infection decreased from 7.4 
to 1.7, 0.8, 1.3, and finally to 0.8, after 10, 20, 30, and 60 days, respectively. 
The decrease in virulence of O. graminis in the pots of sterilized soil, exposed 
to ordinary contamination from watering and from the air, after 10 days, 
‘was approximately equal to that which occurred after 50 days in the first 
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series, when the inoculum had been added to the soil at the beginning. 
Apparently in the absence of inoculum, flora antagonistic to O. graminis 
quickly increased in the sterilized soil, but this was delayed somewhat in the 
presence of the inoculum. As in the previous experiment, a low infection 
rating was obtained in the unsterilized soil. In fact it is interesting to note, 
in Table VI, that the initial infection in the unsterilized soil was greater than 


TABLE VI 


THE EFFECT OF INOCULATING WITH Ophiobolus graminis AT PLANTING TIME, AND AT 10-DAY 
INTERVALS, ON MARQUIS WHEAT SOWN AT 10-DAY INTERVALS IN STERILIZED AND 
UNSTERILIZED SOIL. PLANTS WERE TAKEN UP 30 DAYS AFTER PLANTING TIME 
IN EACH CASE*. NUMERICAL INFECTION RATING IS GIVEN 
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"tee ceeded rngg at 10-day intervals, starting 
July 30. 
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* Average of five replicates for the inoculated pots and only two for the checks. 


it was after subsequent inoculations or plantings. Apparently the initial flora 
of the soil was ample in either case to suppress the pathogenicity of O. graminis 
at first, and later to reduce it further, where the’pathogene either disappeared 
or became practically impotent. This fact possibly explains why inocula of 
the foot-rotting fungi are relatively ineffective when added to field soil. 

A further illustration of how the virulence of O. graminis becomes vitiated 
in sterilized soil under ordinary greenhouse conditions may be cited now. 
Ten days after the plants were removed from the pots to which O. graminis 
had been added at planting time, and subsequently at 10-day intervals in 
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Experiment 2, they were re-seeded with Marquis wheat. These plants were 
examined at maturity. The maximum original infection was about 8.8 
(Table I). However, when the plants of the second crop in the same soil 
were harvested, the virulence of O. graminis had diminished to practically 
zero. The plants were remarkably clean. The time from when the inoculum 
was placed in the soil to the time of re-seeding varied from 20 up to 120 days, 
and in all cases, 120 days from the time the soil was originally sterilized. 
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PERENNIAL CANKER OF APPLE TREES! 
By H. R. McLarty? 


Abstract 


In 1925 a new disease of apple trees was described by Zeller and Childs and 
named Perennial Canker (Gloeosporium perennans). The results of the various 
investjgators who have been working on the problem indicate a considerable 
difference of opinion as to the various factors responsible for the production and 
spread of the disease. This paper presents the results of a study of these 
factors and an interpretation of the part that each plays in the production of the 
disease. It is shown that its occurrence is entirely dependent on three factors; 
the annual inoculation of the host with the causal organism during the late 
summer and autumn; the presence of the woolly apple aphis which carries out 
this inoculation; and the exposure of the host after inoculation to periods of low 
temperature. Other factors such as winter injury, time of pruning and pre- 
cipitation, are contributory to its severity, but not essential for its general 
occurrence. 


Introduction 


Perennial canker is a new disease attacking apple trees in most of the 
fruit-growing sections of Oregon, Washington and British Columbia. It was 
first recorded in the literature in 1925, though it is now quite apparent that 
the disease had already been present for several years. Its occurrence during 
that time was not unnoticed but it was thought to be a phase of the disease 
caused by the northwestern anthracnose fungus Pezicula malicorticis (Jack- 
son) Nannf. (23). 


Since 1925 various investigators have given considerable attention to the 
cause and cure of the trouble. In August, 1925, Zeller and Childs issued a 
paper (27) and a bulletin (26) which described in fair detail the general 
symtoms of the canker produced in the tree, and the rot in the fruit. They 
described also the characteristics of the fungus which they isolated from the 
canker. They were of the opinion at that time that the fungus producing the 
canker was perennial in the tissues of the host; consequently they classified 
the fungus as Gloeosporium perennans and named the disease “perennial 
canker.” They reported that observational evidence indicated that the 
extent of infection was greater after severe winters than after mild ones. They 
did not bring forth any evidence, however, that the fungus was pathogenic 
in artificial inoculations. 


In the same year Fisher (6) presented a paper on a new rot of apple fruit. 
This apple rot which he called bull’s eye rot was described and distinguished 
from the rot caused by northwestern anthracnose P. malicorticis. He also 
connected the rot with the canker in the tree and believed both to be pro- 
duced by the same fungus. 

* Manuscript received March 16, 1933. . f 
Contribution from the Division of Botany, Dominion Experimental Farms Branch, 


Ottawa. Constructed from a thesis submitied to the University of Illinois in partial fulfilment of 
the requirements for the degree of Doctor of Philosophy. 


on * Officer-in-charge, Dominion Field Laboratory of Plant Pathology, Summerland, British 
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The writer, in his publications for 1925 (13, 14) described the disease, and 
showed that the fungus isolated from these cankers and grown in pure culture 
is capable, when inoculated into apple limbs, of producing infection similar 
to that occurring in the original cankers. From such infection, the fungus in 
pure culture was re-isolated. The extensive saprophytic nature of the fungus 
was shown by the fact that the writer obtained viable spores from bark that 
had been dead for two years, from which cultures were grown and successful 
inoculations made. 


During the following year, publications appeared by Fisher (7) and the 
writer (15). The former, working with the rot in the fruit, describes the 
origin of the rot as being due to spores from cankers being washed to the 
fruit by rain. The latter suggests that the fungus in the host tissues is annual 
in nature and not perennial. He found that cankers which he had produced 
by artificial inoculation healed over normally, although a year later the 
fungus could be isolated from the affected heartwood. He showed that the 
fungus becomes closed-in through the normal growth process of the summer 
season, and that it cannot, of itself, re-infect the phloem tissue or the newly 
deposited xylem tissue. He concluded, therefore, that the pathogenic phase 
of the fungus is strictly annual, and that there must be present some inocu- 
lating agency in the orchard if there is to be a re-infection. By marking the 
position of woolly aphis Schizoneura lanigera Hausmann, on cankers during 
the fall of 1925, and noting the subsequent occurrence of infection in the 
spring of 1926, he concluded that this aphis was the agent inducing all new 
infection in established cankers. In this report, results are given also of 
artificial inoculations indicating that he was successful in inducing infection 
readily during October, November and December, but from May to Septem- 
ber he experienced difficulty in doing so. 


An anonymous article in Better Fruit (28) in 1927, records the results of 
Childs’ work at Hood River. This work seems to verify that of the writer 
with regard to the necessity of having woolly aphides present for the spread 
of infection. Though the author of the article (28) believed that aphides 
were definitely responsible for the establishment of new cankers, he does not 
show clearly whether or not he considered them to be responsible for all 
annual enlargement of an already established canker. He did show however 
that, by cutting out diseased tissue in old cankers and excluding aphides, 
further enlargement was prevented. 


In the same year, the writer (16) drew attention to the spread of this aphis 
in the orchard through the agency of the wind. Limbs painted with pine tar 
served as a trap on which were collected, in a very short time, large numbers 
of the very young nymphs. Their equal distribution over the whole painted 
area led him to believe that they could be so distributed only by the wind, 
since they could not have crawled over the sticky surface. 

In 1928, Fisher and Reeves (8) reported that water-borne spores may 
induce infection of tissue which has not previously been wounded or suffered 
from aphis attack. These infections were stated to be confined to the outer 
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cortex tissue. They believed also that the severity of the disease is directly 
correlated with rainfall, the disease being more severe in areas of greater 
precipitation. Though they recorded the annual mean temperatures for 
certain districts, they did not suggest that winter temperatures had any 
influence on the amount of spread. The influence of aphides was suggested, 
but they believed that effectual control of the canker involved cutting out of 
all infected tissue, followed by application of a disinfectant wound dressing. 


In the same year, the writer (17, 18, 19) presented further evidence on the 
relation of aphides to spread of infection. In May, 1927, he wrapped a 
number of cankers in which had just occurred a normal spread of infection; 
no treatment of the canker was given except the wrapping. In 86 of these 
cankers there were no aphides present at the time of wrapping, and in 44 
aphides were present. These cankers were undisturbed until May, 1928, 
when the wrappings were removed. It was found that the 86 cankers which 
had been aphis-free showed absolutely no enlargement at the end of the 
year period, and in all 44 cankers where aphides had been present there was 
new infection in the phloem with resultant canker enlargement. In this 
report also, a description of the fruit rot is given as it occurs on nine varieties 
of apples. 


In 1929 articles appeared by White (25), Childs (1, 2), Fisher and Reeves 
(9), and the writer (20, 21). White gives no experimental evidence, but 
believes that fertilizers might be of benefit in control, through the building 
up of the vitality of the tree. Childs reviewed the work conducted in the 
Hood River Valley from 1925-1928. He believed, first, that perennial canker 
is due to a wound parasite, apparently incapable of entering sound uninjured 
tissue; second, that the fungus producing the canker is not truly perennial; 
third, that the woolly aphis is definitely associated with canker infection; 
fourth, that canker infection. usually follows severe late aphis infestations; 
fifth, that extent of canker advance is to a large degree governed by winter 
temperatures; sixth, that aphides are instrumental in producing cracking of 
the callus and so permitting entrance of the organism; seventh, that infec- 
tion from pruning is more severe when these operations are carried on in 
December, than in March. No beneficial results were obtained with spray- 
ing, and he considered that control must be through surgery, wound painting 
and spraying. 

Fisher and Reeves brought forth further evidence to substantiate their 
claims concerning water-borne spores as sources of fruit infection, and they 
further claimed that rain-washed spores are able to induce infections not only 
in the outer cortex layers as formerly stated”(8), but that such infections 
also often reached the cambium. They recorded also the enlarging of estab- 
lished cankers without the influence of any aphis attack. They considered 
that the advance of the fungus was preceded by a killing of the surrounding 
tissues, presumably by enzymic action. On the basis of their findings they 
recommended control measures consisting of spraying and surgical treatment 
to remove all diseased tissue. 
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The writer carried out some experimental work on the influence of frost 
on the spread of canker. By erecting a wooden framework around the lower 
portion of a tree and filling the frame with sawdust, a number of cankers 
were protected from exposure to freezing temperatures during the following 
winter. The tree used was both severely affected with cankers and infested 
with aphides. These results indicated that where no frost reached the tissue, 
there was no spread in the cankers. In the unprotected cankers on the same 
tree, normal spread occurred. 


During 1930 Cooley and Miller (4) in making artificial inoculations verified 
the writer’s findings as to the highest percentage of successful inoculations 
occurring from those made in the fall. They believed that normal canker 
spread was due largely to winter injury, inasmuch as primary killing often 
resulted from the effect of winter temperatures and this was followed by 
fungous infection. They made no reference to woolly aphides as having any 
relation to the disease. Later, Crenshaw and Cooley (5) experimenting with 
the effects of winter injury on callus tissues, reported being able to kill the 
callus tissue by means of artificial freezing; aphis-attacked calluses were 
killed more easily than calluses free from aphides, and a callus around a 
canker was killed more easily than a normal callus. 


Giissow (11) reported the disease as being most severe on those varieties 
subject to winter injury. He concluded that winter injury was the pre- 
disposing factor; next to winter injury he considered woolly aphis of import- 
ance as the carrier of the disease. 


In his 1930 report, the writer (22) presented the results of a tree-to-tree 
survey of the prevalence of the disease throughout the Okanagan fruit section 
of British Columbia. Ina brief statement, he also reported that the exclusion 
of aphides from cankers from July to the end of the season prevented any 
spread of infection in those cankers. 


In February, 1932, Cooley summed up the work in Oregon for several years 
previous. He believes that canker infections usually take place in winter- 
injured calluses. Occasionally fresh pruning wounds may be affected. He 
considers vigorous trees to be less susceptible to winter injury, and therefore 
to canker infection. The presence of woolly aphides in a callus increases its 
susceptibility to winter injury and thus is a secondary agent increasing the 
amount of infection. For control he suggests a wax treatment to keep out 
aphides, and the delaying of pruning operations until just before growth 
starts in the spring. 


It is quite apparent from this review of the literature that there is as yet 
much diversity of opinion as to the influence which any of several varying 
factors have on the production of the disease. The author’s purpose in this 
paper is to present a description of this disease and an account of those causal 
factors which he considers are responsible for its occurrence. 
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The Disease 
1. Characteristics of the Canker in the Tree 


The disease produces a canker in the tree (Fig. 1) and a rot of the fruit. 
Cankers originate chiefly around pruning wounds (Fig. 2). The disease is 
commonly characterized by an excessive amount of dead callus or broken 
bark around such a wound (Fig. 3) and the presence on the dead bark of a 
number of pimples which have broken open disclosing grayish black areas 
beneath; or where the bark has fallen off, by the exposure of a number of 
concentric rings of wood tissue surrounding a sunken centre (Fig. 4). 

Throughout the summer and fall, however, all cankers appear to be 
encircled with a healthy healing callus and all indications would suggest that 
a normal healing is then in progress. It is just before spring growth activity 
in the tree occurs that new trouble in the cankers develops. At this time, 
the callus in part or over its whole circumference turns brown, and in about 
two or three weeks’ time is killed back a distance of }, 4, 1 in., or even more. 
The disease is not long active, however, for by the time the leaves are well 
out on the trees the advance of infection into healthy tissue is found to have 
been checked and a crack appears between the recently killed area and the 
healthy bark. The formation of a healing callus along the margin of the 
crack begins again and at the end of the summer the wound appears much 
as it had a year previously except for the enlargement in the season just 
passed and the presence of one more ring of dead wood callus. 

The concentric rings of a canker seemingly overlapping each other and 
encircling a deep centre arise from the fact that the period of infection spread 
occurs in the spring and ceases before the summer’s wood tissue is laid down. 
Old cankers, therefore, have many rings and the age of a canker in years can 
in general be reckoned as corresponding to the number of these rings. Many 
exceptions to this occur where infection occurs on only one side or on spots of 
a callus in one year, and on the other side or in other areas the year following. 
In such a case it is difficult to tell in subsequent years whether the sections 
of rings occurred simultaneously or in succession. 

Cankers occur on any part of the trunk and limbs of the tree although old 
trees exhibit trunk cankers more rarely. Serious infections commonly show 
several hundred cankers on 15- or 20-year-old trees, and the number of these 
coupled with the size they attain interfere so seriously with the conducting 
tissues of the trees that the latter become devitalized. Small twigs are 
frequently girdled and killed in one or two seasons and stand out from the 
foliage. When an advanced stage of the disease is reached, whole limbs 
become girdled and trees succumb abruptly. ; 

Another type of canker is associated with the disease which is known as 
button canker. This does not originate around pruning wounds but around 
lenticels on uninjured tissue. These infections do not generally penetrate 
into the cambium and as they complete their spread in one season, they 
slough off and unless infested with woolly aphides never produce a canker 
showing successive enlargements. 
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2. Characteristics of Rot in the Fruit 


The disease also produces a rot in the fruit, and all varieties tested have 
shown susceptibility. Where precipitation is high during the picking season, 
losses sustained from this source are very considerable. The spores are 
washed to the fruit by rain and originate a rot chiefly around the stem end 
but frequently on other portions of the ripe fruit. The rot is slow in spread- 
ing, is deep brown in color around the outer edge, shading to a slightly lighter 
brown in the centre and beneath the surface. The infected tissue is some- 
what spongy in texture, is fairly firm and usually somewhat shrunken. To- 
ward the centre of this area the fruiting bodies of the causal fungus frequently 
appear as grayish white pustules breaking through the surface. At times 
these are in concentric rings but are not characteristically so. 


The Causal Factors of the Disease 


As noted above, there exists a certain diversity of opinion among the 
various investigators working on this problem as to the importance that 
several factors have in the production of this disease. There is presented, 
therefore, a discussion of these factors and an interpretation of the part that 
each plays in its production. 


It is our opinion that there are three factors which must be associated 
before the disease can be produced. In the absence of one or more of these 
no disease would occur. These three limiting factors are: first, infection of 
the tissue with the fungus G. perennans; second, annual infestation in the 
orchard during the late summer and fall of the apple woolly aphis on callus. 
tissue; and third, the exposure of the apple tree itself to periods of low tem- 
peratures during the winter months. In addition there are several contribu- 
tory factors which serve to augment the severity of the disease. These are 
winter injury, precipitation, systems of pruning, variety, cultural practices, 
and vigor of tree. 


I. Saprophytism and Parasitism of Gloeosporium Perennans 


Saprophytic Stage 


G. perennans in its life history exhibits both a parasitic and a saprophytic 
phase. As a saprophyte it is capable of completing a life cycle which will 
assure its continuation in nature indefinitely and quite independently of 
any parasitic phase. It grows and sporulates on several media including 
dead alfalfa and sweet clover stems. The cycle is simple, consisting of 
the production of a mycelium from a germinating spore and the production 
of spores from the ends of the mycelia. 


It exhibits a saprophytic phase also in apple tree tissue. Upon completion 
of a parasitic stage in the phloem, it develops fruiting bodies characteristic 
of the Gloeosporium type on the tissue recently killed. The acervuli appear 
about a month after the tissue is dead and spores are liberated from these. 
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In some cases several crops of spores are apparently liberated from the 
same acervulus for a period of over a year (Fig. 5).. In addition to this 
recurrent spore production by original acervuli, new acervuli continue to 
arise and liberate spores, thus assuring a continuous and ample production 

of viable spores throughout 
the season. Germination 
tests have shown that such 
spores are readily obtainable 
from fruiting bodies on wood 
killed two years previously. 


Parasitic Stage 

As a parasite the fungus 
attacks ripe apple fruit and 
both the phloem and xylem 
tissues of the tree. Except 
in the case of button cankers, 
referred to above, the para- 


sitic phase can be induced 
Fic. 5. A mature acervulus showing the evidence of having only through some inocula- 


oduced al " . 
Le eee ting agency. In the xylem 


the attack is characterized by a blackening of the tissue. In artificial inocu- 
lations this discoloration occurs as a narrow black streak shading to brown 
at the tip and running longitudinally for as much as two feet from the point 
of inoculation, but penetrating only to sap wood tissue of one to three years 
of age. Infection from aphis attack shows some blackening of heartwood in 
the vicinity of the area fed upon, but the occurrence of streaks in the xylem 
is only occasional. 


Infection in the xylem may be induced artificially at almost any season 
of the year but the period of spread is limited to one season’s activity. No 
spread occurs from the xylem into the cambium and phloem, and although 
isolations have been made from the blackened area showing the fungus to be 
alive for as much as 18 months after the original inoculation, there is no 
increase in the extent of spread after the first season's activity. 


In the phloem, the time during which infection advances is quite definitely 
limited to the late winter and early spring. The inoculations which induce 
these infections occur however during the late summer and fall. The first 
evidences of infection appear in the early Winter. In January a blackening 
of the phloem indicates the beginning of infection which advances rapidly 
first through the sieve tubes and companion cells but which eventually 
impregnates the whole tissue. By March 15 the extent of spread has been 
found in artificial inoculations to be as much as five inches from the point of 
inoculation. Shortly after this the spread is checked and by the time the 
buds are showing a green tip, the parasitic stage is completed. The tree 
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forms a healthy callus and the subsequent development of the fungus is 
saprophytic. It is incapable of renewing its parasitic phase unless it is re- 
inoculated into the host tissue. 

The parasitic development of the fungus in phloem tissue is also dependent 
on other factors besides that of an inoculating agent. It has been found 
that there exists a definite period of the year during which successful inocula- 
tions can be made. In artificial inoculations this period occurs during the 
months of October, November and December. Inoculations induced through 
the influence of avhis attack occur from the early part of August. Until 
this time of the season, neither artificial inoculations in the open nor aphis 
infestation will induce any resultant infection. 

A third factor governing the parasitic attack of this fungus is that the 
host must first be brought into the correct physiological condition. When 
inoculations are made either artificially or through aphis attack, infection 
into the surrounding uninjured tissue does not immediately occur. The 
killing of this tissue takes place only after it has been exposed to freezing 
temperatures. The technique used in inoculation also appears to influence 
somewhat the amount of resultant infection. Any technique that will assure 
the killing of, or severe injury to a large number of cells at the point of 
inoculation, favors the attack of the fungus. Long aphis infestation which 
greatly weakens the tissue, or in artificial inoculation, the cutting through to 


the cambium several times with the scalpel, assures a stronger resultant 
infection. It would appear that in the period of incubation the fungus strongly 
establishes itself in this injured tissue and from this point it can initiate a 
stronger parasitic attack. 


Characteristics of the Fungus in the Host 


In examining the fungus in the host tissue, attempts to make sections by 
means of the commonly recommended technique of embedding and section- 
ing were unsuccessful. A technique was developed which was satisfactory 
for phloem and fruit tissues, but only moderately so for the xylem. It con- 
sisted of treating the phloem and fruit tissues with a macerating solution 
(10) of 1% sodium carbonate or ammonium oxalate to dissolve out the pectin 
from the middle lamella and allow separation of the cells. The material was 
placed, without previous killing, in the solution and held at 80 to 90° C. 
for two to four hours. It was then carefully removed to a watch glass, rinsed 
in water and stained in Pianese IIIB (24) at 80 to 90° C. for a half-hour. 
The material was then washed by flooding and removed in small quantities 
to a glass slide where it was teased out in water. A drop of glycerol was 
added and mixed well with the water and a cover slip was placed on it. The 
whole was allowed to stand two weeks, after which the edges of the cover slip 
were sealed with Canada balsam. For xylem tissue the procedure was the 
same except for the substitution of a macerating solution (12) made up as 
follows: chromic acid, 5 gm.; nitric acid, 5 cc.; water, 100 cc. With the 
xylem, however, it was found that the solution necessary to dissolve lignified 
tissue dissolved some of the mycelium. 
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By the above method of examination of the xylem, mycelium was detected 
only in the tracheae. Usually one to four strands were present in a single 
vessel, these occurring in characteristically straight strands having few 
side branches. 


In the phloem the mycelium penetrates through all the tissues. It is both 
inter- and intra-cellular. Most rapid advance is in the sieve tubes, later 
extending to the companion cells and cortical tissue. In the sieve tubes, as 
in the tracheae, not more than four or five long slightly branched strands occur 
in a single tube. In the companion cells and cortical tissue the fungus is 
inter-cellular, much branched and varying widely in diameter within short 
distances. No haustoria could be found. Generally many vacuoles appeared 
in the cytoplasm and rendered the septation of the fungus somewhat indis- 
tinct. 


In the fruit flesh, mycelium was abundant, penetrating the cells and crossing 
in every direction to form a net work. 


The acervuli appear in from one to two months after the infected bark has 
been killed. They exhibit a wide variation in form and size but are of the 
typical Gloeosporium type. Arising from a mass of mycelium in the cortical 
tissue, they usually break through the epidermis of the bark. Occasionally 
they are concentrated in a small area and instead of breaking through, they 
lift the epidermis to form a blister. When the acervuli break through the 


epidermis, the stalk is almost non-existent, but when a bark blister is formed 
the stalks may be 1 to 2 mm. in length. There may be as many as 50 acervuli 
concentrated on a square centimetre of surface. The sporulating surface of 
the acervuli is generally round and convex, about ‘5 mm. in diameter, and 
fringed with a ray of mycelial strands. An active spore-bearing surface is 
whitish to tawny in color. Old acervuli are black. The stalk is grayish or 
black. The acervulus itself consists of a mass of parallel mycelial strands 
matted together, the central strands of which bear the conidiophores, which 
constitute the spore-bearing surface. The outer mycelial strands grow out 
to form a fringe-like ray around the convex centre. Acervuli vary widely 
in shape, due at times to the coalescing of neighboring acervuli, and at times, 
to conformity with the shape of cracks on the cortical tissue from which 
they arise. 


The majority of the acervuli are produced on newly killed bark in from a 
month to six weeks after the death of the tissues. A few additional acervuli 
appear on this area, however, over a very considerable period of time. Some 
individual acervuli produce several crops of spores. The conidiophores after 
producing spores resume a mycelial growth’ The stalk of the acervulus is 
elongated and new conidiophores are formed again on the ends of the elongated 
mycelial strands. Acervuli have been observed in which this process has been 
repeated eight or ten times. Through such means the fungus is able to pro- 
vide continuously an abundant supply of viable spores throughout the entire 
season. 
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The ends of the mycelial strands in the centre of the stalk constitute the 
conidiophores. These are branched several times and on their ends the 
spores are borne acrogenously. The conidia are hyaline, usually non-septate 
until just before germination, 10 to 15 uw in length by 3 to 4 uw in diameter, 
somewhat variable in shape, with rounded ends and either straight or slightly 
curved. Commonly they contain two or more vacuoles. Spores germinate 
readily in 2% sugar solution and tests have shown that viable spores occur 
throughout the orchard during the entire year. 


II. Woolly Aphis in its Relation to the Disease 


As early as 1926, evidence showed a relation between annual canker en- 
largement and presence of aphides. Conclusive evidence was sought as to 
the exact relation of these two in the occurrence of the disease, and it is now 
considered that the aphis is the inoculating agent without which the fungus 
is unable to enter the host tissue and renew parasitic activity. 


A technique for excluding aphides which at the same time would not 
adversely affect the development of the fungus in the host was developed by 
the wrapping of cankers with cotton cloth. All cankers wrapped were selected 
from those in which a spread of infection had occurred in the same spring in 
which wrapping was done. The cankers were not otherwise disturbed; the 
dead phloem was left in place and no wood tissue was removed. Wrapping 
was done in May before aphis infestation became general and a high per- 
centage of cankers remained free of this insect throughout the season. Cank- 
ers have been so wrapped throughout a period of four years during which 
there occurred wet and dry seasons and severe and mild winters. In some 
300 aphis-free cankers counted, not one case of canker infection occurred, 
although some of the wraps had been in place for three years. Of the latter 
cankers many had completely healed over and sealed. 


On the other hand, in the case of wrapped cankers in which aphides de- 
veloped, it was found that vigorous colonies usually resulted from the pro- 
tection from predatory insects afforded by the wraps. Of 144 such cankers, 
all but 2 were found to show spread of canker infection. 

The occurrence of spread of infection in practically every canker where 
aphides were present, and the 100% absence of spread in the cankers where 
no aphis attack took place, provide convincing evidence that the fungus is 
unable to accomplish successive infections in cankers without the presence 
of aphides. 

A few cankers were also induced in a caged tree in a canker-free district 
by the transporting of diseased bark and aphides from an infected district. 
Colonies established themselves on pruning calluses and from two such 
areas the fungus was later isolated. 

Experimental work was undertaken also to ascertain at what time of year 
aphides induced successful inoculation. By the use of paints and aphis repel- 
lents it was found that the exclusion of aphides during May, June and July 
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was of no great benefit, inasmuch as infections did not arise from insect activ- 
ities during that period. From August to December, however, it was found 
necessary to keep aphides out, as infection resulted in a very high percentage 
of cases following insect attack during these months. 


III. The Influence of Exposure to Low Temperatures 


From observational evidence it has long been clear that there is a relation 
between winter temperatures and the occurrence of the disease, the amount 
of spread in the latter always being much greater after severe winters. From 
experimental evidence it is now clear that there is not only such a relation 
but that the disease is entirely incapable of advancing in the tissues of the 
tree without the action of freezing temperatures upon these tissues. Such 
action, however, is in no wise sufficiently severe to be in any way classed as 
producing what is commonly understood as winter injury. 

An experiment to protect aphis-infested cankers from all exposure to frost 
was accomplished through the enclosing in November of the lower portion of 
a tree in a large box, about 8 ft. to a side and 8 ft. high, and filling the latter 
with sawdust. Artificial inoculations were also placed on the tree previous 
to filling, these being arranged so that some would be above the sawdust, 
and some well beneath the surface. A minimum thermometer was placed 
at a depth of a foot in the sawdust. In May after normal infection spread in 
the orchard was completed, the sawdust was removed. The minimum 
thermometer registered 36° F. In the cankers and the artificial inoculations 
below the six-inch depth, no single case of spread of infection in uninjured 
tissue occurred. All the cankers within the top six inches showed slight 
spread of infection. Of the cankers above the sawdust 98% showed spread, 
and of the inoculations 100%, the infection in the latter having run as much 
as 1} to 2 in. longitudinally. 


Therefore, though the fungus was present and the protected cankers were 
actually aphis-infested at the time of filling in the sawdust, the fungus was 
unable to advance in any single instance where freezing temperatures had 
not prevailed. This exposure to winter temperatures is therefore in itself a 
limiting factor in the occurrence of the disease. 


The amount of exposure to winter temperatures determines largely the 
extent to which the infection penetrates the healthy tissue each season. It 
explains the occurrence of the more extensive infection in the northern than 
in the southern sections of the Okanagan Valley. During the season 1931-1932 
for example, the average maximum spread in 89 aphis-infested cankers in 
the north was yy in. and in 82 cankers in thersouth, ¢ in. The average maxi- 
mum spread from 142 inoculations in the north was 1 in. and in the south, 
# in. Meteorological data show that in the north the prevailing daily mini- 
mum temperatures were lower than in the south. 


The winters in the southern sections are not sufficiently mild, however, to 


afford an immunity to the general advance of the disease, as some workers 
believe. Where the disease is now established in these sections, it is advanc- 
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ing year by year and will eventually threaten the loss of many orchards. It 
is true that in these sections the disease is not yet as prevalent as in the north, 
but this condition is probably due to factors other than winter temperatures. 


Winter Injury 


There can be no doubt but that the conditions which will induce winter 
injury to the trees also greatly aid the fungus in its parasitic attack. It has 
often been observed that where trees are grown in situations where such 
injury is common, canker enlargement after severe winters is often very 
excessive. Under such conditions, trees have in one season been killed out- 
right from a combination of these two factors. It should be remembered, 
however, that winter injury is not a necessary forerunner of normal or even 
extensive canker enlargement. 


Precipitation 

Perennial canker thrives in arid districts where other fungi such as scab, 
Venturia inaequalis (Cke.) Winter, and apple tree anthracnose P. malicorticis 
are unable to make any headway. The fact remains, however, that perennial 


canker is more prevalent in the northern sections of the Okanagan where 
precipitation is higher than in the southern. 


It is suggested that the prevalence of the disease in these sections is due to 
the more common occurrence of the causal organism existing there as an 
ordinary saprophyte. In one such northerly section, the Salmon Arm district, 
where precipitation is relatively high, perennial canker does not occur and 
woolly aphis has not been present. Occasionally, however, there can be 
found on the dead bark of winter-injured trunks in this area, the fruiting 
bodies of a fungus similar in all respects to that of G. perennans. Spores of 
this fungus produce on artificial media a culture identical with the perennial 
canker fungus. Moreover, in a recent outbreak of woolly aphis in one 
orchard of this section there has occurred the characteristic killing back of 
the callus tissue on infested calluses. From these there was isolated this 
spring a fungus identical in culture to G. perennans. It seems highly prob- 
able, therefore, that the general occurrence of perennial canker throughout 
this section in the future will depend only on the spread of this new woolly 
aphis infestation. The fungus appears to be already there. 


Precipitation is undoubtedly instrumental in inducing button cankers. 
These however rarely penetrate to the cambium and of themselves constitute 
no serious disease problem. 


In the fruit the rot is also attributable in the main to the washing of spores 
to the ripe apple. 


Relation of Pruning to the Disease 


In pruning, wounds are made which allow of fungus establishment. Infec- 
tion arising from this cause is not extensive and since such infections never 
enlarge of themselves and healing takes place after the initial infection is 
complete, no great danger arises from this source. 
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Variety, Cultural Practices and Vigor of the Tree 


A wide range of susceptibility to the disease exists among the various 
varieties. The more susceptible varieties in this district are Spitzenberg, 
Yellow Newtown, Rome Beauty and Jonathan. The more resistant varieties 
are McIntosh, Delicious, Winesap and Wealthy. In an individual variety, 
little variation in susceptibility exists in any given district under the normal 
range of cultural conditions. Individual trees are but seldom found that 
show a distinctive resistance for that variety. 


Trees, however, when grown under extremely unfavorable environmental 
conditions will exhibit a much stronger susceptibility than is generally char- 
acteristic of that variety. One orchard under observation growing in a 
“frost pocket”’ and of a variety generally considered only slightly susceptible, 
displayed a remarkable development of susceptibility, the trunk and main 
branches of the trees becoming girdled by cankers and death ensuing in one 
year. Non-susceptible varieties growing under similar conditions have 
been observed to develop extensive cankers typical of those on a quite sus- 
ceptible variety. 


Excessive advance of the fungus occurs also when the disease has progressed 
to a stage where cankers are large and numerous on the trunk and main 
branches. The interference with the food supply and the resultant general 
devitalization of the tree may give rise to an extraordinarily rapid advance 


of the fungus with frequent coalescing of cankers and girdling of large limbs. 
Great and sudden losses frequently result in such situations and these may be 
considerably aggravated by winters of extreme severity. 


General Considerations for Control 


Satisfactory control measures for the disease have not been developed. 
The abundance and continued production of crops of spores over long periods 
render a spray program of little benefit in keeping the surface of the host 
protected. The persistence of woolly aphides against insecticides and their 
capability of rapid reproduction makes their elimination difficult and ex- 
pensive. 

Individual cankers may be treated with some success by painting with 
aphis repellents. Rape seed oil and castor oil have shown some value when 
applied undiluted. Before painting the canker all dead bark should be 
removed. Where cankers are numerous, however, this procedure also is 
difficult. , 


Canker development may be delayed by keeping up the vitality of the 
tree and so inducing faster callus formation. Though fungus advance appears 
not to vary greatly in fast and slow growing trees, by inducing a vigorous 
callus formation the tree is more nearly able in its healing processes to keep 
pace with the advance of canker enlargement. 
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Pruning in diseased orchards may be delayed until late winter or early 
spring. The results of inoculations indicate that infection may be readily 
induced by wounding during November and December, but not if wounding 
is done later. 


Discussion 


Among the various investigators who have worked on this problem, there 
exists considerable uncertainty as to the influence which various factors 
have on the occurrence and severity of the disease. The purpose of this 
paper has been to present results of further investigations and through the 
co-ordination of this work with the author’s former findings, to present an 
interpretation of the perennial canker problem. 


The results obtained by Zeller and Childs, Cooley and Miller and the 
writer agree in indicating that the fungus G. perennans is the agent through 
the activity of which the actual killing of the tissues occurs in the production 
of the disease. In the papers published to date, however, there has been 
no presentation of the complete life history of the fungus and there exists a 
vagueness as to the specific conditions governing its pathogenicity. The 
evidence presented herein stresses the importance of the saprophytic phase 
of the fungus as being sufficiently developed to ensure its existence quite 
independent of any parasitic action. As a parasite it has been found to be 
strictly annual in the tissues of the tree. Its parasitic phase in the host 
tissues is definitely limited to one season’s development. When this is com- 
plete, it cannot again of itself cause a new infection from the old. Moreover, 
the evidence seems clear that no new infection can arise in the canker through 
the germination of spores on the surface of the callus. For the formation of 
cankers therefore there must occur a series of successive inoculations into the 
callus tissue. It is evident that the fungus cannot in itself produce a typical 
perennial canker. 


Since the unaided fungus is not sufficiently parasitic to bring about succes- 
sive annual enlargements in the canker, it must rely on some outside agency 
to assure its inoculation each year into the host. These experiments indicate 
clearly that in the production of cankers it is the woolly aphis which, through 
its feeding activities on the callus, assures these successive inoculations. It 
is true that inoculations or infections may arise occasionally entirely without 
the aid of aphides, such as infections that follow pruning operations or the 
occurrence of button cankers. In such cases, however, the infection is en- 
tirely annual in nature and successive enlargements from these infections 
do not occur. Consequently, a typical canker is never produced. 


In the experiment on the effect of excluding aphides from cankers which 
was carried on over a period of years on two varieties and in two different 
districts, and which involved treatment of over 400 cankers, no case of new 
infection was found to occur in any canker from which aphides were excluded, 
and in those in which aphides were allowed to remain, new infection did occur 
in every canker except two. There can be no doubt that the production 
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of perennial canker in trees is entirely dependent upon a successive series of 
autumn inoculations in the callus tissue through the agency of the woolly 
aphis. 

Successful inoculations are not effected at all seasons of the year by woolly 
aphides. Experimental evidence has shown that aphides, feeding on calluses 
during the late spring and early summer, do not bring about the occurrence of 
infection. Only when infestation with the insect occurs during the late 
summer and fall is there effected an inoculation which culminates in the 
production of infection. 


In conjunction with the inoculation by aphides of the host tissue in the 
fall, there appears to be a third factor necessary in the occurrence of the 
disease. This factor is the bringing of the host tissue into a physiological 
condition suitable for the invasion of the fungus. In the creation of cankers, 
the enlargement occurs in the late winter and early spring. It is quite apparent 
that the extent of this enlargement is largely dependent on the severity of 
the winter. During winters characterized by long periods of low temper- 
atures, canker enlargement is always excessive. After mild winters, on the 
other hand, it is always slight. The results of experiments show that where 
cankers are not exposed to any frost during the dormant season, no enlarge- 
ment takes place, although all the other prerequisites for successful inocula- 
tion have been provided. Exposure to winter temperatures is, therefore, a 
necessary concomitant in perennial canker. 


Various other factors, such as precipitation and cultural conditions, are 
associated with the occurrence and severity of the disease. Their influence, 
however, is secondary and they are not essential in the development of the 
canker. 


Satisfactory control measures from an economic standpoint have not been 
developed. There are three avenues of approach. First, by removing dead 
bark from the cankers the sources of spore contact with aphides are with- 
drawn. Second, the trees may be kept in vigorous growing condition with 
some benefit, inasmuch as vigorous callus growth tends to close-in the canker 
and more nearly keep pace with the annual advance of infection in the 
previous year’s callus. The progress of the canker in encircling the limb and 
causing devitalization is thus somewhat retarded. Third, the elimination of 
woolly aphides would make possible the eradication of the disease in the 
orchard. The cost, however, of effectively controlling aphides in accordance 
with present recommendations is prohibitive from an economic standpoint. 
Aphides may be excluded from individual cankers through the use of 
insecticidal paints or repellents. But here,again, where the disease has 
become established and cankers are very numerous, the task is both burden- 
some and expensive. 
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